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Nonpoint source pollution is a concern in many streams nationwide. Puget Sound cleanup 
efforts have increasingly focused on targeting nonpoint sources of pollution, including 
nutrient and bacterial sources resulting from agricultural activities. Skagit County, 
Washington hosts a robust compilation of agricultural activities from large scale row crops 
and dairy operations to small hobby farms. It is also home to the Skagit River, the most 
important river system for Puget Sound salmon, and Samish Bay, the largest shellfish 
growing area in the north Puget Sound. Enormous efforts have been made to assess the health 
of Washington’s waterways and to find an effective way to ensure clean water without 
threatening the historic agricultural sector. The Skagit County government established a 
monitoring program in 2003 for the express purpose of assessing agricultural effects on 
streams. Surface water quality data from 40 sites on 28 streams, collected from 2003-2011 as 
part of this program, were used in these analyses. The objective of this research was to 
augment Skagit County water quality reports in order to determine the influence of 
agricultural land-use and precipitation on regional surface water quality. Median fecal 
coliforms, salinity, and turbidity were higher at sites at the downstream end of agricultural 
areas as compared with upstream sites, and dissolved oxygen concentrations were lower. 
Sites downstream from agricultural activities were more likely to have detectable levels of 
total suspended solids, orthophosphate, ammonium, and total Kjeldahl nitrogen than 
midstream, upstream, or reference sites. Precipitation was only correlated with fecal 
coliforms at a quarter of the sites, though precipitation events were associated with higher 
median fecal coliforms at downstream sites. Land-use characteristics were more 
deterministic of median fecal coliforms than were inherent watershed characteristics.  
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INTRODUCTION 
Growth Management Act and Critical Areas Ordinances 
Data used in my analysis are from the Skagit County Monitoring Program (SCMP) which 
was established as one means of determining whether Skagit County Code covering critical 
areas ordinances for areas of ongoing agriculture (Ag-CAO)  sufficiently protects water 
quality (SCC 14.24.120).   
 Washington State critical areas are a product of the 1990 Growth Management Act 
(GMA), which requires counties and cities to conduct comprehensive land-use planning 
(Revised Code of Washington C36.70A).  The act was intended to guide Skagit County 
planning efforts to meet thirteen goals, including maintaining and enhancing natural 
resources, preserving open space and recreation areas, and protecting water quality.  An 
important step to meeting these goals involved identifying critical areas, which are defined in 
Revised Code of Washington Chapter 30.70A.030(5) to be: a) wetlands; b) areas with a 
critical recharging effect on aquifers used for potable water; c) fish and wildlife habitat 
conservation areas; d) frequently flooded areas; and e) geologically hazardous areas.  
 The GMA was amended in 1995 to require “special consideration to conservation or 
protection measures necessary to preserve anadromous fisheries” (Revised Code of 
Washington 36.601.172). Skagit County Code required 200 ft (60 m) setbacks from critical 
areas in all land-use designations except areas of ongoing agriculture. Because Skagit 
County’s Ag-CAO does not require the same setbacks, or buffers on streams as other land-
use designations, the County was sued by the Swinomish Indian Tribal Community for being 
out of compliance with the GMA. The development of the water quality monitoring program 
was one of the efforts Skagit County made to come into compliance. In their decision, the 




buffers, but they did determine that the County was not entirely in compliance with the 
GMA. Specifically, the court determined the County needed more specificity in the 
monitoring program (Swinomish Indian Tribal Community v. Western Washington Growth 
Management Hearings Board 2007). For the County’s regulations to be deemed sufficient, 
monitoring must be able to show that agricultural practices are not causing any harm to 
waterways, and landowners must be required to use best management practices (BMPs), like  
off channel watering facilities and  heavy use protection areas, and follow watercourse 
protection measures (SCC 14.24.120(3,4)). Litigation over whether the County was in 
compliance continued until 2007, when Senate Bill-5248 declared a suspension of legal 
proceedings and directed the William D. Ruckelshaus Center to come up with a solution 
palatable to all stakeholders (Senate Bill-5248 2008). The suspension was extended until 
2011 and resulted in the Voluntary Stewardship Program (VSP), which Skagit County opted 
into in December 2011; this decision prohibits any changes to Skagit County’s Ag-CAO 
during the VSP implementation process and thus continues the timeout on litigation over 
compliance with the GMA.   
Skagit County Monitoring Program 
Skagit County’s monitoring effort was funded by Washington State Department of Ecology 
(Ecology) Centennial Clean Water grant from 2003 through 2008. Since 2008, the Skagit 
County Clean Water Program, which is funded by a clean water property assessment, has 
supported monitoring.  
 Water quality data used in my analyses were gathered from October 2003 through 
September 2011 at 40 sites on 28 water bodies in Skagit County (Figure 1; Appendix A). 




agriculture within either the Agriculture-Natural Resource Land or Rural Reserve-Natural 
Resource Land zoning designations, the sites established for the monitoring program are 
mostly in agricultural areas, with some additional sites used for comparison purposes.  
The 40 stations were separated into six general groups (Tables 1-2; Figure 1). Groups 
1-3 were located in areas with agricultural activities, including livestock use and row crop 
farming. Each site was distinguished based on location along the stream in relation to 
agricultural activities (Ag-upstream, Ag-midstream, or Ag-downstream). Group 4 was 
established as a reference group and consisted of three sites located in urban and suburban 
areas with limited agricultural influence.  Group 5 was composed of four Skagit River sites, 
two on the mainstem and one on each fork.  Sites in Group 5 are downstream of the three 
dams on the headwaters of the Skagit River and downstream of its major tributaries, the 
Cascade, Sauk, and Baker Rivers; these sites are influenced by a variety of land-use practices 
throughout the watershed including timberlands, agricultural lands, residential areas, and a 
total of five dams. Group 6 included the only marine station, located on the Swinomish 
Channel. The Skagit River is the largest river sampled in the monitoring program and the one 
most important in terms of salmonid habitat. Most of the other sample streams are smaller 
but have tributaries feeding into them from a flat, flood prone, landscape. At the onset of the 
monitoring effort in 2003, the following parameters were measured by Skagit County 
personnel twice monthly in the field or in a certified lab: dissolved oxygen, conductivity, 
temperature, salinity, turbidity, pH, total suspended solids, total Kjeldahl nitrogen, total 
phosphorus, orthophosphate, ammonium-N, nitrate-N, nitrate+nitrite-N, and fecal coliforms. 




nutrient sampling decreased to quarterly sampling. Field parameters continued to be collected 
every other week. I joined the sampling team in May 2009. 
 Skagit County’s most recent monitoring report (Skagit County 2012) stated that none 
of the 40 sampling sites met water quality standards for temperature, fecal coliforms, and 
dissolved oxygen concurrently during the seven-year project. Of the 28 rivers, stream, 
sloughs and ditches that were sampled, all but four were also part of a separate Department 
of Ecology 2008 Water Quality Assessment (Washington State Department of Ecology 
2008). Ecology’s assessment used its own water quality data to place stream reaches in 
categories based on the level of concern for that water quality parameter.  The collection of 
all streams that are considered impaired based on this assessment is commonly referred to as 
the 303d list, referencing the specific portion of the Clean Water Act that required the 
development of the list of impaired waterbodies. Of the 24 watercourses included in 
Ecology’s assessment, all but one was listed in Category 2: “waters of concern,” for at least 
one parameter.  The only exception was the Swinomish Channel marine site (Washington 
State Department of Ecology 2008). The monitoring data have been used to guide Ecology 
total maximum daily load (TMDL) efforts in Skagit County, including the Samish Bay 
Watershed TMDL (Skagit County 2010). Federal law requires that a TMDL, or water quality 
improvement project which institutes limits on pollutants, be developed for all waters that 
fail to meet state standards. In addition to aiding Ecology efforts, one of the SCMP objectives 
was to assess water quality trends in agricultural areas to ensure stream conditions were not 
deteriorating, which would put Skagit County out of compliance with the Growth 




 Some water quality data analyses were already completed by Skagit County staff and 
were presented in the SCMP annual reports. Analyses conducted in the County reports 
included plots of temperature, fecal coliforms, and dissolved oxygen over time. Temperature 
analyses included a table of highest daily temperatures and 7-day average maximum 
temperatures for a select number of streams where temperature loggers were used during 
summer months. Mean values for dissolved oxygen, fecal coliforms (geometric mean), total 
phosphorus, total Kjeldahl nitrogen, and ammonium were presented for each year of 
sampling and assessed as to whether each met state standards (Skagit County 2012).  
Criteria for fecal coliforms are based on stream classification. Most waterbodies in 
the study (sites 3-20, 28-29, 31-46, 48) had a standard that required that the stream has a 
geometric mean of less than 100 colony-forming units/100 mL, with fewer than ten percent 
of the samples higher than 200 cfu/100 mL. Other sites (21-25, 30) were required to meet the 
more stringent standard of less than 50 cfu/100 mL for the geometric mean and fewer than 
ten percent of the samples higher than 100 cfu/100 mL. The units reported for fecal coliforms 
from the Skagit County monitoring were “most probable number” (MPN), not colony-
forming units (cfu) as used in state standards. In practice, the County treated MPN 
measurements as equivalent to cfu measurements and applied the cfu standard to unconverted 
MPN data. The measurements are not equivalent because the MPN method does not actually 
count the number of coliform colonies in the sample. The MPN was used in Skagit County 
sampling because the alternative method of counting colonies can be difficult with turbid 
samples (Bartram and Balance 1996). The MPN method can be more variable and tends to 




(Gronewold and Wolpert 2008), so it may overestimate the actual value and produce less 
accurate numbers.  
Skagit County’s most recent annual report indicated that improvements in the 
watershed were measured during the entire course of sampling from 2003-2011 (Skagit 
County 2012). The 2003 water year had more than 30 of 40 sites that exceeded the state 
standard for fecal coliforms, but during 2011 and 2012, only 16 and 17 sites, respectively, 
exceeded the standard (Skagit County 2004, 2011, 2012). At the end of each water year, data 
were used to determine the Water Quality Index (WQI) results for each stream. The WQI is a 
unitless number from 1-100, with specific ranges that represent waters of low, marginal, or 
high concern (Washington State Department of Ecology 2002). The WQI was developed by 
Ecology to provide a non-technical means of answering general questions about water 
quality. The WQI gives an index score to each parameter using either state water quality 
standards or expected conditions based on the ecoregion and then combines multiple 
constituents for a single index score for each sampling station (Hallock 2002). 
Statistical analysis in SCMP annual reports was limited to monitoring the trends at all 
sites using the Seasonal Kendall’s test (Skagit County 2012). The Skagit County reports did 
not compare individual sites to one another or compare land-use groups to one another.  As a 
result, the reports have not answered the question of whether agricultural practices are 
leading to deteriorating conditions in surface water quality. 
Research Objectives 
 My primary objective was to augment the analyses conducted by Skagit County  to 
determine patterns in regional surface water quality.  In particular, I intended to provide a 




compared individual sites to one another, determined whether sites within the same land-use 
group were similar to one another, and assessed whether land-use groups were similar to 
each other. I was particularly interested in answering whether agricultural activities influence 
surface water quality in Skagit County. To help answer this question, two additional groups 
were formed based on watershed distinctions to see if patterns in the data were better 
explained by basin characteristics such as underlying bedrock, groundwater exchange, or soil 
type, than by agricultural land-use.    
 The Skagit County monitoring program only recently began using precipitation data 
alongside water quality measurements, and only for a selected watershed within the 
monitoring program. My thesis analysis looked at the precipitation component more closely, 
using daily precipitation totals from eight weather stations to provide further insight into 




Field data were collected by Skagit County personnel over the eight years of sampling; I 
joined the monitoring program in 2009. Instrumentation, analytical methods, and detection 
limits are outlined in Table 3. A YSI 85 meter was used to measure dissolved oxygen, 
conductivity, salinity, and temperature in the field. The YSI probe was fully submerged in 
flowing water; if the flow of the stream was less than 1.0 ft/sec (0.3 m/sec), the probe was 
moved back and forth to simulate this level of flow. A telescoping pole with a 500-mL 
polypropylene Nalgene® bottle on the end was used to collect water for pH, turbidity, and 
fecal coliforms. The 500-mL bottle was rinsed three times with stream water prior to being 




bottle was shaken to homogenize the sample, then an aliquot was poured into a 100-mL 
sterilized plastic bottle with sodium thiosulfate preservative, and placed in an ice-filled 
cooler. These samples were taken to a certified lab where fecal coliform bacteria levels were 
determined using the multiple tube fermentation method (Edge Analytical 2012). After 
pouring off the portion for bacterial sampling, the 500-mL collection bottle was shaken again 
and poured into a glass cuvet to measure turbidity.  The cuvet was rinsed once with sample 
water at each site. The remainder of the sample was used to measure pH.  The pH meter 
included both a temperature and pH probe, though it was only used to record pH. Both 
probes were placed in the sample bottle, swirled for 45 seconds, and allowed to stabilize 
before recording pH. The nutrients and coliforms were sampled using bottles supplied by 
Edge Analytical Laboratories (Burlington, WA). Nutrient sample bottles were also filled 
from a 500-mL polypropylene Nalgene
®
 sample bottle that was rinsed three times with 
stream water. The samples were kept on ice while being transported to the lab for analysis.   
 The variables that were measured on each sampling trip included pH, dissolved 
oxygen, temperature, turbidity, specific conductance, salinity, and fecal coliforms. Nutrients 
were measured every other sampling trip (once per month) during the first five years of 
sampling, then quarterly thereafter. Nutrient measurements included nitrate as nitrogen, 
nitrate+nitrite as nitrogen, ammonium as nitrogen, total Kjeldahl nitrogen, total phosphorus, 
orthophosphate, and total suspended solids. Derived variables included organic nitrogen, 
dissolved inorganic nitrogen, and total nitrogen.  
 The 40 sites were sampled between 121 and 209 times over the eight-year sampling 
period. Nutrients were analyzed a maximum of 77 times over this period. Streams were not 




stream activities such as dredging that would have affected sample results. All statistical 
analyses were conducted using R statistical software (R Development Core Team 2011). 
 Daily precipitation amounts were compiled using data from eight weather stations. 
Data sources include AgWeatherNet (2012), a service provided by Washington State, and 
The Weather Underground (2012). The 40 sites were clustered into one of six weather station 
groups, listed in Appendix B. When possible, data from the closest weather station to the 
sample site were used. The Burlington station was the only weather station with data 
reaching back to October 2003 and therefore accounted for a subset of the precipitation data 
used for all sites. Weather station locations are mapped on Figure 1 and latitude and 
longitude locations are listed in Appendix B.   
Quality Assurance and Quality Control  
Ecology approved a quality assurance project plan (QAPP) developed for the monitoring 
program (Skagit County 2004). Duplicate samples were collected for fecal coliforms at a rate 
of 20 percent. Nutrient duplicates were collected at a rate of 10 percent for two selected 
nutrients. The pair of nutrients selected for duplicate sample alternated but consisted of either 
total phosphorus or orthophosphate and either nitrate-N or ammonium-N. Variability for 
these four nutrients was assumed to represent the range of variability for non-selected 
nutrients. Target variability in the QAPP was 33% for fecal coliforms and 10% for the 
nutrients. Duplicate sampling did not always meet targets for every parameter for each year 
of the study. A complete analysis of duplicate samples can be found in the Skagit County 
annual reports (Skagit County 2011, 2012).  
 County personnel recorded water quality parameters in the field and entered the data 




with the original field data sheet to ensure it was correctly entered. The YSI 85 meter was 
calibrated before each sampling run and adjusted for elevation at each site; the dissolved 
oxygen membranes were changed when damaged. The pH meter and turbidimeter were also 
calibrated prior to each sample run. In addition to the SCMP annual report, all data were 
submitted to the Environmental Information Management online database (Washington State 
Department of Ecology 2012).  
Group Selection  
 
Land-use groups selected in 2003 were designed to look at the impact of agricultural 
activities on water quality and were therefore structured based on agricultural activities in the 
landscapes draining the watercourses of concern. Agriculture was targeted because Skagit 
County Code gave special exemption from critical areas ordinances to landowners with 
ongoing agricultural activities on their properties. Land-use groups were separated based on 
whether they were upstream, midstream, or downstream from watersheds that drain 
agricultural land. Three sites that drain areas with limited agricultural activity were chosen as 
reference streams and drained urban, suburban, and rural reserve lands.    
 In addition to the 2003 land-use groups, which were assembled at the onset of the 
monitoring project, my analysis included additional site groupings based on watershed 
characteristics. Post factum groups comprise a) Samish, Nookachamps, and upper Skagit 
River watersheds (Figure 2), and b) Samish Bay, Padilla Bay, and Skagit Bay watersheds 
(Figure 3). The upper Skagit River was defined as the mainstem Skagit River and tributary 
sites upstream from the confluence with Nookachamps Creek; which is located at river mile 
18.8 (30.3 km; upstream of Skagit Bay) on the Skagit River. Because the two post-factum 




would exhibit similar characteristics intrinsic to that watershed. Any differences in these 
groups could potentially be attributed to influences driven by underlying bed-rock, soil type, 
ground water exchange, or other watershed scale properties.      
Samish, Nookachamps and Upper Skagit River Basins: 
 
The Samish River basin group included two mainstem sites and four tributary sites; two of 
the tributary sites were on Thomas Creek, one was on Swede Creek, and one was on Friday 
Creek. Thomas Creek is a low-velocity creek that drains agricultural lands and is the last 
significant tributary to the Samish before it enters Samish Bay.  Portions of Thomas Creek 
are periodically dredged to facilitate drainage. Two dairy operations that apply manure 
fertilizer drain into Thomas Creek, and there are approximately 50 noncommercial farms 
along in the Thomas Creek drainage basin (Lawrence 2009). The first site on Thomas Creek 
was located immediately upstream from the confluence with Willard Creek, the main 
tributary to Thomas Creek.  Willard Creek also drains agricultural lands.  The second sample 
site was downstream from this tributary. Swede Creek flows east to west and has its 
headwaters just east of State Route 9 upstream of Cranberry Lake; it drains a mixture of 
agricultural and residential properties and was the first tributary entering the Samish River 
that was included in this monitoring program. Friday Creek is the largest tributary to the 
Samish River and was also one of the three reference sites established when the monitoring 
program commenced. It drains forested and rural residential land. The mainstem Samish 
River sites included an upstream site that was located just downstream from a large mainstem 
beaver wetland; this portion of the river drains a mix of timberland and agricultural land.  
The Samish River sites also included a downstream site located at the Thomas Road bridge, 




and not tidally influenced. Fecal coliform bacteria counts from this downstream site were 
used by the Washington State Department of Health to determine whether loading limits to 
Samish Bay exceeded acceptable levels for shellfish harvest.     
 The Nookachamps watershed group was made up of four sites on the mainstem, two 
sites on the East Fork Nookachamps, and one tributary. Nookachamps Creek and East Fork 
Nookachamps Creek drain approximately 73 and 96 square kilometers, respectively (Johnson 
and Savoca 2010, before meeting in Barney Lake.  The headwaters of the East Fork 
Nookachamps Creek and its tributaries include steep, mountainous terrain that is routinely 
harvested for timber. This drainage system is prone to flooding and backwelling from the 
Skagit River, and is diked along agricultural areas. The sites located farthest upstream were 
on either end of Big Lake; the Lake Creek site was just upstream from the inlet to the lake, 
and the downstream site was at the Big Lake outlet.  The East Fork Nookachamps Creek site 
(16) was about six kilometers upstream from the confluence with Barney Lake, and the 
mainstem Nookachamps Creek site on Knapp road (15) was about 3 kilometers upstream 
from Barney Lake. There was also a site on a College Way Creek, a small tributary to 
Nookachamps Creek that enters 1.5 kilometers upstream from Barney Lake. The downstream 
most sample site in this subgroup was located at Swan Road in a low-elevation area that 
becomes inundated with Skagit River water at high flows.   
 The upper Skagit basin group included eight sites on six tributaries, as well as one site 
on the Skagit River upstream from all the monitored tributaries. Upstream to downsteam, the 
tributaries included Red Cabin, Mannser, Wiseman, Coal, Hansen, and Brickyard Creeks.  
Red Cabin, Wiseman, and Coal Creeks transport a substantial amount of sediment from the 




Walters 2008). Mannser Creek is a slow-moving creek with considerable emergent 
macrophytic growth through much of its length. The two sites on Hansen Creek were 
upstream and downstream from a large-scale alluvial fan project constructed in 2009 to 
restore spawning habitat reduced through channelization, bank armoring, levee construction, 
and dredging (Mostrenko et al. 2011, Rich et al. 2012). Brickyard Creek, also one of the 
three reference sites, flows  through the northern portion of Sedro-Woolley and 
predominantly drains  residential areas; this site  often goes dry in summer months.    
Samish Bay, Padilla Bay, and Skagit Bay Watersheds:  
 
The three distinct marine ecosystems represented in the sampling regime included Samish 
Bay, Padilla Bay, and Skagit Bay. Much of the agricultural land in Skagit County is drained 
through a network of drainage ditches and sloughs before entering Puget Sound. Drainage is 
facilitated by a network of underground drain tiles, most of which were installed between 
1960 and1980 (Backlund et al. 1995). Additionally, trenches, or “V-ditches,” are positioned 
in low spots in fields and either drain into or are pumped into an adjacent watercourse. These 
drainage ditches and sloughs are channelized, often hemmed in by levees, and are largely 
devoid of riparian vegetation.  Several of the watercourses in the lowland portion of all three 
bays fit this description, including Edison Slough, North Edison Slough, and Alice Bay pump 
station in the Samish Bay basin, and all three watercourses feeding Padilla Bay: Joe Leary, 
No Name, and Big Indian Sloughs.  
 The Skagit Bay watershed group included both the upper Skagit River group and the 
Nookachamps River group.  It also included an additional mainstem Skagit River site, one 
site each on the North Fork and South Fork of the Skagit River, as well as a dike district 




Fisher Creek, the other five tributaries to the Skagit Bay watershed share many of the 
characteristics of the typical lowland drainages, though these systems are typically larger and 
slightly more vegetated than those feeding the other two bays.  Fisher Creek and its 
tributaries drain lower elevation hills in the southeastern part of Skagit County (Pitz and 
Garrigues 2000) before meandering through agricultural lands upstream of the sample site. 
RESULTS/DISCUSSION  
Preliminary Analysis and Censored Data 
In order to provide general comparisons of sites, my preliminary analyses consisted of 
calculating basic summary statistics: mean, median, standard deviation, and N for all 18 
parameters at each site.  These results are included Appendix C. Normality testing was used 
to determine distribution patterns for each parameter. Normality was tested using the 
Shapiro-Wilk Normality test with a threshold of p < 0.05 indicating non-normal distribution. 
Most of the variables were  not normally distributed, and no parameter was normally 
distributed at all sites; therefore, the statistical approach focused on rank-based tests and tests 
that are less sensitive to departures from normality.  
 In addition to non-normal distributions, many sites had a large percentage of samples 
with concentrations that were below the analytical detection limit (i.e. non-detect data).  The 
parameters that were most affected by this were total Kjeldahl nitrogen, ammonium, total 
phosphorus, orthophosphate, and total suspended solids.  When more than half the samples 
from a site are below detection, the parameter has no valid median, so even rank-based 
statistical analyses cannot be used. Because organic, total, and dissolved inorganic nitrogen 




have to be excluded from most statistical analyses, making it difficult to make comparisons 
of nitrogen or phosphorus comparisons among sites and across land-use groups. But, the low 
concentrations were not uniformly distributed among the sites; they were much more 
common in certain land groups.  Because of this, I can adopt a presence/absence approach 
and use association analysis to test whether the non-detectable data were associated with 
specific land-use groups. An association analysis table and a frequency distribution showing 
the number of samples below the detection limit were developed for the subset of variables 
affected by a non-detect data and are shown in Table 4.  
 The association analyses indicated that downstream sites were more likely to have 
detectable levels of total suspended solids, orthophosphate, ammonium, and total Kjeldahl 
nitrogen than upstream sites. Half of the sites had  median total phosphorus concentrations 
that were below the detection limit.  Total suspended solids were more likely at downstream 
sites than at upstream and reference sites.  The highest detectable levels of total suspended 
solids were in the low elevation floodplains draining into Samish Bay, which are used for 
pasture land, and potatoes, corn, and berry crops. Cropland has been shown to directly affect 
both total phosphorus and total suspended solids in other areas (Riseng 2011) and could be 
influencing total suspended solid concentrations at these sites.   
 Median values for sites without non-detect data are presented in Table 5. In general, 
median values in the Reference, Ag-upstream, and Ag-midstream groups were at or just 
above the detection limit for most sites, with the exception of total Kjeldahl nitrogen. Median 




Correlation Analysis  
Correlation analyses were used to reveal monotonic relationships between pairs of variables. 
Kendall’s tau rank-based correlations were calculated for each within-site pair of water 
quality variables, excluding the variables with medians below the detection limit. A complete 
list of significant correlation results can be found in Appendix D.  
Some correlations are caused by measuring the same parameter twice. For example, 
total nitrogen, nitrate, dissolved inorganic nitrogen, and nitrate+nitrite all contain nitrate, 
which usually dominates the nitrogen concentration in surface waters. Because of the 
detection limit issues, only nitrate and nitrate+nitrite were included in the correlation 
analyses, and indeed nitrate was significantly correlated with nitrate+nitrite at all 40 sites  (p 
< 0.001; τ > 0.86 for all sites).  Figure 4 shows a  typical nitrite+nitrate correlation using data 
from Thomas Creek. Identifying this type of correlation is important because these variables 
are not independent and should not both be used in other analyses meant to compare land-use 
groups.  It would  incorrectly imply that they represent a separate response to land use type. 
Other self-correlating variables in the dataset were conductivity and salinityand the two 
dissolved oxygen variables; these variable pairs were significantly correlated at all 40 sites. 
Because nitrite represented such a negligible portion of the nitrate+nitrite variable, I chose to 
include nitrate and exclude nitrate+nitrite from further analyses. I selected  salinity rather 
than conductivity, and dissolved oxygen in mg/L rather than  percent saturation. My choices 
were based on selecting the  more commonly used variables that would  allow comparisons 
among more sites.  
 The most important use of correlation analysis is to identify ecologically relevant 




correlated with temperature, turbidity, and salinity. This was to be expected because periods 
of high precipitation coincide with winter and spring, when the air and water temperatures 
are colder. The large amount of rainfall dilutes the concentration of dissolved salts in surface 
water, lowering salinity. At the same time, the surface runoff and erosion generated by the 
precipitation carries with it an increased sediment load, which increases stream turbidity. The 
sites that did not show the typical association between rainfall and turbidity included the 
Skagit River sites and the Swinomish Channel sites, which are the two largest bodies of 
water sampled.  These sites experience a much larger increase in overall discharge relative to 
sediment loading during storm events. The instances where precipitation was not positively 
correlated with turbidity may be explained by ecosystem characteristics of the three sites. 
Site specific features such as forest cover and riparian vegetation can disrupt the relationship 
between precipitation and turbidity.  Site 11 on the Samish River is dispersed through a large 
wetland just upstream. Wetland systems slow flow and allow sediments to settle out of the 
water column instead of being carried downstream (Verhoeven et al. 2006). The downstream 
Samish River site is several miles downriver, past the mouth of several tributaries, so it 
would not be expected to show the filtering effects from an upstream wetland. The second 
system that did not show a turbidity response to precipitation was in Mannser Creek, which is 
choked with reed canarygrass (Phalaris arundinacea) for much of its length, including at the 
sample site and upstream from the sample site for several  kilometers.Reed canarygrass is a 
thick bunchgrass which also slows flow, allowing sediments to settle out. Edison Slough (36) 
is the third system that did not show a turbidity response to precipitation, perhaps because of 




processes such as increased flow following precipitation as well as  downstream processes 
such as incoming tides.                                                                     
 Surprisingly, fecal coliforms were only correlated with precipitation at nine sites. 
These nine watercourses were all listed as impaired for fecal coliforms on the Ecology 2008 
listing.  However, all of the other watercourses included in Ecology’s inventory were also 
listed as polluted in at least one reach, with the exception of Red Cabin Creek, which was 
listed as a Category 2 water of concern (Washington State Department of Ecology 2008). 
The infrequent association between bacterial loading and precipitation may have been due to 
the low number of sampling days that occurred during rain events rather than a lack of fecal 
coliform sources that could have been mobilized by rainfall. Despite  more than 200 
sampling days, there were only a few sampling days that occurred during precipitation 
events. Precipitation events were designated as days with at least 0.25 in (0.64 cm) of 
precipitation. Weather station group 4 only had seven days that met this criterion, and the 
other stations had between 18 and 26 qualifying days.  
Kruskal-Wallis rank sum tests and pairwise Wilcoxon test were used  to assess how 
rain events influenced surface water quality. The only water quality measurement that  
showed an increase during rain event days was fecal coliform concentrations in the Ag-
Downstream land-use group. This group had a median fecal coliform count of 130 mpn/100 
mL on rain days compared to 50 mpn/100 mL for all sample days.    
 I used  biplots to show daily precipitation for the entire eight years of the study, with 
superimposed points showing selected water quality parameters. The plots provided a good 
visual tool for looking at seasonal trends; however, the plots did not show any clear patterns 




variability in the data and the prevalence of outliers also confounded potential patterns. 
Swede Creek showed both the variability seen in many bacterial measurements and the 
typical seasonal fluctuations of dissolved oxygen, which peaked in the winter and steadily 
decreased as the weather warmed, hitting a low point around August (Figure 5).  
Though not part of my analysis, storm event sampling for fecal coliforms from April, 
2008 to date was conducted by Skagit County. Storm sampling included several mainstem 
Samish River sites and some of its smaller tributaries. This storm sampling, along with 
sampling for fecal coliforms in Samish Bay by the Washington State Department of Health , 
supports the argument that fecal coliform bacteria loading is storm-event driven (Washington 
State Department of Health 2012).  The localized storm sampling in the Samish basin began 
after a remarkably high fecal coliform count at the downstream site on the Samish River was 
documented during a routine sample run that coincidentally occurred during a large storm 
event in April, 2008 (Skagit County 2012). The bacterial loading caused immediate shellfish 
bed closures, and bolstered the need for the Samish Bay Watershed Fecal Coliform TMDL 
(Lawrence 2009).  Storm event data have consistently shown that heavy rains lead to high 
fecal coliform counts in both the Samish River and Samish Bay (Washington State 
Department of Health 2012), which  has led to the downgrading of Samish Bay from 
“approved” to “conditionally approved” for shellfish harvesting. Preliminary analyses of the 
storm sampling conducted by Skagit County indicated a strong connection between rainfall 
events and fecal coliform levels (Skagit County 2012); however, this connection was not 
apparent in my analysis of the ambient data. The fact that my analyses found 15 watercourses 
that did not show a significant correlation between precipitation and fecal coliform, despite 




monitoring is not sufficiently characterizing fluxes in bacterial loading. Storm event 
sampling in watersheds outside of the Samish will be necessary to provide a better 
characterization of how rainfall affects bacterial loading.  
 Because ambient sampling was unable to detect the association between fecal 
coliforms and rainfall when such a relationship almost certainly exists, other water quality 
parameters may also be storm event driven, despite the inability of ambient sampling to 
detect such associations. Manure and sewage carry indicator bacteria as well as nitrogen and 
phosphorus, so saturated drain fields or overland sheet flow across agricultural lands, which 
can lead to an increase in fecal coliforms, would likely also lead to a rise in N and P levels. 
Nitrate showed significant correlations with rainfall and fecal coliform at half of the sites; 
however, additional nutrient sampling during storm events would be necessary to determine 
whether this is an accurate depiction of nitrogen response to rain events.     
Kruskal Wallis Rank Sum Test 
 The Kruskal Wallis Rank Sum test, a nonparametric analysis of variance by ranks, 
was used to determine if the sites differed from one another. Redundant variables and those 
with a majority of non-detects were omitted, as discussed earlier. Because the Kruskal Wallis 
test only provides information as to whether any of the sites differ from one another, when 
the Kruskal Wallis test was significant, the pairwise Wilcoxon post hoc testing was added to 
determine which specific sites differed from one. Table 6 shows representative comparisons 
for sites that were significantly different than most other sites; a full list of comparisons is 
found in Appendix E.  
The single marine site, the Swinomish Channel, had the highest median pH and one 




lower than freshwater standards, and must have a geometric mean <14 cfu/100 mL. While 
fecal coliforms do not persist long in marine waters, they serve as indicators of enterococci, 
which are more persistent and more harmful to human health (Wymer et al. 2005).  
The upstream Thomas Creek site had significantly higher fecal coliform levels than 
all but two other sites, No Name Creek and College Way Creek. The upstream Thomas 
Creek site is an Ag-midstream location, and the high median fecal coliform levels at this 
location suggest that there is an upstream coliform source that does not persist at the 
downstream location. This is also apparent when comparing annual median fecal coliform 
counts at the midstream site, which ranged from 130 to 700 MPN/100 mL, to the 
downstream site, which ranged from 31 to130 MPN/100 mL.   
 Three of the Ag-downstream sites had significantly lower dissolved oxygen 
concentrations than all other sites. Joe Leary Slough, one of the three, also had a higher 
median turbidity than any other site. The Ag-midstream site on Red Cabin Creek was the 
least turbid of all the sites and had a lower median fecal coliform concentration than most 
other sites.        
Nookachamps Creek, which is the first major tributary for returning salmon coming 
up the Skagit River, was among the sites with the highest median temperature. Annual 
median temperatures for the Nookachamps River sites ranged from 8.1 to 12.3 °C; smolt 
impairment can occur in water temperatures between above 12 -17 °C depending on species 
(Richter and Kolmes 2005). Median temperature, however, is not the best metric for 
determining whether stream temperatures affect aquatic biota. Temperature extremes and 
number of days above 15
o
C are better metrics, though these require temperature loggers that 




Pairwise tests helped answer the question of whether sites within the same land-use 
group differed from one another. Big Indian Slough has a lower median pH than all other 
sites in the Ag-Downstream group, as shown in the notched box plots of all downstream 
groups (Figure 6). Notched boxplots are a useful exploratory tool to look at data distributions 
and find differences among sites.  In normally distributed data, the median is located in the 
center of the box and whiskers, the upper and lower portions of the box represent fifty 
percent of the data above or below the median and are cut off at the 25/75% quartiles. The 
notch width shows intervals of significance for simple pair-wise comparisons; sites where the 
notches do not overlap are statistically different (p<0.05).  Unlike the Wilcoxon post hoc 
tests, however, the notched comparisons are not corrected for repeated measures, so the 
results need to be used with caution. 
 In addition to looking at site by site comparisons, rank sum testing was done on the 
land-use groups established at the onset of the monitoring and on the two post factum groups 
(Table 7). The Samish, Nookachamps, and upper Skagit River groups did not explain much 
of the variability in water quality data, and the only difference among these groups was lower 
temperature in the upper Skagit River group. The Skagit Bay sites had higher pH and 
dissolved oxygen concentrations and lower turbidities and salinities than the Padilla Bay 
sites. Ag-Downstream sites were distinguished from upstream sites by lower dissolved 
oxygen levels and higher turbidity, fecal coliforms, and salinity concentrations. 
The midstream sites did not differ significantly from upstream or downstream sites, 
suggesting incremental changes in these parameters as waterways course through agricultural 
lands. Fish, invertebrate and algal communities in eastern Washington showed similar 




associated with responses in those communities while substantial increases in agricultural 
activities were associated with degradation of these communities (Cuffney et al. 2000).    
 Post hoc testing showed that Reference groups were not significantly different than 
the three other land-use groups for any parameter. Site specific reasons may explain this 
outcome. College Way Creek and one of its tributaries meander through a residential area 
upstream from the sample site. Stormwater runoff from residences can carry fertilizer high in 
N and P, and pet waste high in fecal coliforms (Graves et al. 2004, Mytyk and Delfino 2004). 
Brickyard Creek also meanders through residential areas as it skirts the northern edge of the 
town of Sedro-Woolley, WA. Brickyard Creek is an ephemeral stream that goes dry in the 
summer, a characteristic that could influence the post hoc statistics because a small within-
group sample size makes between group differences more difficult to detect. This is 
important because there are only 3 reference sites compared to 6 upstream and midstream 
sites and 20 downstream sites. The third reference stream was Friday Creek, which flows 
from Lake Samish south through a mixture of timberland and rural reserve areas. The rural 
reserve land-use designation allows livestock but does not fall under the exemption for 
critical areas, meaning that mandatory set-back from streams would be required for livestock 
in this area. Additionally, the majority of residences in this drainage rely on septic systems, 
which need routine upkeep; Skagit County has identified and required the subsequent repair 
of failing on-site septic systems on this creek. 
 Fewer statistical differences were noted among the river watershed groups (Upper 
Skagit, Nookachamps, Samish) than were noted in the agricultural land-use groups. The 
group containing Skagit, Samish, and Padilla Bays showed the same number of differences 




coliforms. Fecal coliforms are often associated with nitrogen and phosphorus, suggesting that 
land-use groups might also explain differences in these parameters better than the bay 
groups. Effects of agricultural land-use on increased nutrient concentrations in water has 
been documented in other watersheds (Riseng et al. 2011), particularly in regard to sources of 
nitrogen (Mytyk and Defino 2004, Liu 2000, Mattikalli and Richards 1996). 
Lower detection limits would be needed to determine if land-use groups do indeed 
account for more variable nutrient parameters. Cluster analyses could potentially yield 
information on which groups are most similar to one another. However, this type of analysis 
would be more informative without the preponderance of non-detects, and was therefore not 
used because of the limited nutrient data. One recommendation to Skagit County is to review 
the water quality parameters that consistently yield below-detection results and decide 
whether to omit the parameter or choose different analytical methods with lower detection 
limits. Incorporating low-level analysis of total Kjeldahl nitrogen and ammonium would 
likely allow more thorough analysis of these two variables and would also allow comparison 
of total nitrogen, dissolved inorganic nitrogen, and organic nitrogen.  
The Samish, Nookachamps, and upper Skagit Rivers group and the Skagit, Samish, 
and Padilla Bays group differed from the agricultural land-use group in that they both had 
Skagit River sites or the Swinomish Channel site. These watercourses are influenced by a 
wide variety of land-uses; they are substantially larger than any of the other watercourses, 
and instream processes may have a larger effect on nutrient concentration relative to land-use 
effects on these waterbodies as compared to the other watercourses (Liu et al. 2000). This 




differences in dissolved oxygen, turbidity, and salinity, while only the land-use groups 
showed differences in fecal coliform.  
Correlation analyses were again used as an exploratory tool, with the new goal of 
looking at trends in variables over time. The seven variables that were identified as non-
redundant and mostly above detection were used. Very few significant trends were seen over 
time for the 40 sites and no single land-use group showed more or less improving or 
deleterious trends than another land-use group. Over half of the sites appeared to have 
significantly decreasing temperatures over time; however, this trend disappears when looking 
at maximum and minimum temperatures (Appendix F). Temperature extremes are a more 
useful metric than median temperature when considering effects on aquatic life. Temperature 
extremes and chronic exposure above certain temperatures are better indicators of stream 
health. No site showed decreasing maximum temperatures, but there were two sites that 
showed increasing maximum and minimum temperatures respectively.  
 Though the trends in the data did not indicate worsening conditions with time, this 
does not necessarily mean that Skagit County standards are protecting water quality. As 
mentioned earlier, almost all of the sites evaluated in 2008 as part of the Clean Water Act 
requirements were considered impaired for fecal coliforms and dissolved oxygen, and half of 
them were impaired for temperature. If, at the onset of monitoring, the waterway was 
impaired, the only acceptable trend should be significantly improving water quality with 
time. Water quality which meets the standard should be the measure of successful policies. 
While many of the streams in my analysis did not demonstrate deteriorating conditions, 
maintenance of an impaired status does indicates the measures in place to protect water 








Recommendations for Skagit County’s monitoring program include using lower 
detections limits for certain nutrients. Common detection limits for total Kjeldahl nitrogen 
and total suspended solids are 0.02 and 2 mg/L respectively, which are half or less of the 
detection limits employed in this analysis. Lowering the detection limit for total Kjeldahl 
nitrogen and ammonium would also allow calculations of dissolved inorganic nitrogen, 
organic nitrogen, and total nitrogen. Additionally, many sites had more than half of their total 
phosphorus samples below the detection limit of 0.01 mg/L. The higher costs associated with 
the lower detection level analyses could be mitigated by reducing the number of nutrients 
sampled.  In particular, only one of the redundant nitrogen analyses, nitrate and 
nitrite+nitrate, need to be measured.  
Another recommendation is to consider whether the three reference sites are actually 
serving as reference sites. Effective reference sites should have similar landscapes to non 
reference sites, with the exception that they receive less agricultural pollution. All other 
variability between the reference sites and agricultural sites should be minimized. This was 
not the case for the reference sites used in the Skagit County program. Two of the reference 
sites drain predominately urban  landscapes that are unlike any of the other streams in the 
monitoring program. Because the urban landscape is unique to the reference sites, it 
introduces variability that makes the sites ineffective as references, particularly because 
urban landscapes have increased impervious surface area that are  associated with high 




reference sites would be rural reserve areas that have agricultural activities but must adhere 
to the standard 60 m set backs from critical areas.  
Skagit County’s monitoring program also needs to incorporate storm sampling for a 
more accurate characterization of precipitation effects on water quality. Sampling at various 
discharges during a storm event would provide a better idea of which parameters are 
mobilized during first flush events, which ones exhibit a lag response, and which ones do not 
change from base flow conditions. While potentially cost and time prohibitive, measuring 
flow conditions when sampling would allow more thorough analysis of these responses.      
To be effective in controlling nonpoint source pollution, Skagit County needs to take 
into account regional agricultural practices. Sites downstream from agricultural areas had 
significantly higher turbidity, salinity, and fecal coliform levels and significantly lower 
dissolved oxygen levels than upstream sites. Association analyses indicate that sites 
downstream from agricultural activities were more likely to exceed detection levels of 
orthophosphate, ammonium, total Kjeldahl nitrogen, and total suspended solids than 
upstream sites. High nutrient levels are often associated with impaired biological indices and 
degraded stream channel characteristics that impair fish habitat (Chambers et al. 2006, 
Riseng et al. 2011). The thriving salmon runs and productive shellfish beds that exemplify 
Skagit County streams and bays are legacies of clean rivers. These legacies are threatened on 
myriad fronts including habitat loss, climate change and increasingly documented nonpoint 
source pollution (Wanielista et al. 1977, Lindsey et al. 2001, Shortle et al. 2012) and its 
commonly associated impairments such as increased temperature and decreased dissolved 
oxygen (Hilaire et al. 2004). Effective approaches will need to involve measures directed at 




spreading, animal pasturing and fertilization of row crops in close enough proximity to 
streams. Agricultural best management practices including vegetated buffers are effective 
measures that can mitigate the otherwise deleterious effects agriculture can have on stream 

























Table 1. Sample sites by land-use group with WA Department of Ecology 303(d) listing:  1 - 




    
Site Number and Name 
303(d) Impaired Water Listing  
FC DO TEMP pH 
6 Friday Ck 5 
  
1 
14 College Way Ck 5 5 
 
1 
28 Brickyard Ck 4 5 
 
5 
      
Ag-Upstream 
    
Site Number and Name 
303(d) Impaired Water Listing  
FC DO TEMP pH 
11 Samish R 2 5 
 
5 
16 E.F. Nookachamps Ck 4 
 
4 1 
17 Nookachamps Ck 5 4 4 1 
18 Lake Ck 4 5 
 
1 
20 Hansen Ck 4 
  
1 
22 Coal Ck 5 2 2 
 
      Ag-Midstream 
    
Site Number and Name 
303(d) Impaired Water Listing  
FC DO TEMP pH 
4 Thomas Ck 5 2 
 
1 
15 Nookachamps Ck 5 4 4 1 
23 Wiseman Ck 5 2 2 
 24 Mannser Ck 5 5 
 
5 
25 Red Cabin Ck 2 
  
2 













Table 1 cont. Sample sites by land-use group with Washington Department of Ecology 
303(d) listing: 




    
Site Number and Name 
303(d) Impaired Water Listing  
FC DO TEMP pH 
3 Thomas Ck 5 5 
 
5 
8 Swede Ck 5 
 
5 1 
12 Nookachamps Ck 4 5 2 2 
13 E.F. Nookachamps Ck 5 4 4 1 
19 Hansen Ck 4 5 4 1 
21 Coal Ck 5 5 
 
1 
31 Drain Dist 20 floodgate 5 5 
 
1 
32 Samish R  5 2 5 2 
33 Alice Bay Pump Station 5 5 5 5 
34 Noname Slough  5 5 2 5 
35 Joe Leary Slough  5 5 
 
1 
36 Edison Slough at school 5 5 1 5 
37 Edison Pump Station 5 5 
 
5 
38 North Edison Pump Station 5 5 
 
5 
40 Big Indian Slough  5 5 
 
2 
41 Maddox Slough/Big Ditch 5 5 5 5 
42 Hill Ditch  4 5 
 
1 
43 Wiley Slough 5 5 
 
5 
44 Sullivan Slough not assessed 
 48 Fisher Ck 4 5 1 1 
      Skagit River 
    
Site Number and Name 
303(d) Impaired Water Listing  
FC DO TEMP pH 
29 Skagit R 2 
  
5 
30 Skagit R 1 2 
 
2 
45 Skagit R – North Fork 1 
  
1 
46 Skagit R – South Fork 4 
  
1 
      Swinomish Channel 
    
Site Number and Name 
303(d) Impaired Water Listing  
FC DO TEMP pH 
47 Swinomish Channel 2 2 













Ag-upstream (Ag-Up):  Located to determine water 
quality conditions at upstream end of agricultural areas. 6 
Ag-midstream (Ag-Mid):  Located to determine water 
quality conditions in the middle of agricultural areas. 6 
Ag-downstream (Ag-Down):  Located to determine 
water quality conditions at downstream end of a 
watercourse in agricultural areas. 
20 
Reference:  Located to determine water quality 
conditions in a non-agricultural area, such as urban, 
suburban or rural reserve. 
3 
Skagit River:  Located to determine water quality 
conditions in the mainstem Skagit River or the forks.   4 
Swinomish Channel:  Located to determine water quality 
conditions for Swinomish Channel 
1 

















Table 3.  Water quality parameter descriptions  
 






Dissolved Oxygen  DO mg/L YSI 85 meter NA 
Temperature TEMP C YSI 85 meter NA 
Turbidity TURB NTU 
LaMotte 2020e 
Turbidimeter  0 
pH
†
 pH - 
Hanna 
Instruments 
8424 pH meter NA 
Total Phosphorus TP mg/L 
 365.3, 
SM4500 P 
C/E, 6010B 0.01 
Ortho-phosphate OP mg/L 
 300.0, 365.2, 
9056 0.02 
Ammonium as Nitrogen NH3-N mg/L  350.2 0.02 
Nitrate as Nitrogen NO3-N mg/L  300.0, 9056 0.01 
Total Suspended Solids TSS mg/L  SM2540 D 4 
Fecal Coliforms FC 
MPN/100 
mL SM 9221 E1  2 
Total Kjeldahl Nitrogen TKN mg/L  351.3 0.05 
Nitrate+Nitrite as Nitrogen NOX-N mg/L 
 300.0, 9056, 
354.1 0.01 
 
*Edge Analytical currently performs all nutrient and microbiological testing and methods for this lab are included on the 
table (Edge Analytical); from 2003-2008 Skagit County Health Department Water Lab performed microbiological (fecal 
coliforms testing); EPA approved methods information (U.S. Environmental Protection Agency 2012). 
†Other pH meters used during the course of monitoring include Milwaukee portable µP-based Smart pH meter and Oaklon 











Table 4: Frequency distribution and association analysis of sites with more than half of their 
samples below the detection limit for a given parameter. Chi- squared test statistic (χ
2
)and p-





Reference Ag-Upstream Ag-Midstream Ag-Downstream 
 
N % N % N % N % 
TKN 1 33 5 83 3 50 5 25 
NH3-N 0 0 3 50 3 50 2 10 
TP 3 100 1 17 6 100 10 50 
OP 2 67 4 67 2 33 5 25 





All land-use groups 








TKN 8.444 0.038 5.621 0.018 
NH3-N 10.313 0.016 4.139 0.042 
TP 11.180 0.011 0.957 0.327 
OP 6.172 0.104 0.911 0.048 









TKN NH3-N TP OP TSS 
Land-use Group Site mg/L mg/L mg/L mg/L mg/L 
Reference 
6 < 0.05  0.03 < 0.01 < 0.02 < 4 
14 0.56 0.08 < 0.01 0.05 < 4 
28 0.54 0.07 < 0.01 0.025 < 4 
Ag-Upstream 
11 < 0.05  0.04 < 0.01 < 0.02 < 4 
16 < 0.05  < 0.02 0.012 < 0.02 < 4 
17 0.5 0.05 0.02 < 0.02 < 4 
18 < 0.05  0.04 0.02 0.02 < 4 
20 < 0.05  < 0.02 0.02 0.02 4 
22 < 0.05  < 0.02 0.017 < 0.02 < 4 
Ag-Midstream 
4 0.5 0.05 < 0.01 0.05 8 
15 0.62 0.09 < 0.01 0.03 5 
23 < 0.05  < 0.02 < 0.01 < 0.02 < 4 
24 < 0.05  < 0.02 < 0.01 0.03 < 4 
25 < 0.05  < 0.02 < 0.01 < 0.02 < 4 
39 0.52 0.07 < 0.01 0.035 5 
Ag-Downstream 
3 0.7 0.095 < 0.01 0.04 4 
8 0.44 0.06 < 0.01 0.02 5 
12 0.56 0.08 < 0.01 < 0.02 8 
13 < 0.05  0.06 < 0.01 < 0.02 < 4 
19 < 0.05  0.05 < 0.01 0.02 5 
21 < 0.05  < 0.02 < 0.01 < 0.02 5 
31 0.74 0.11 < 0.01 0.04 5 
32 < 0.05  0.06 < 0.01 0.02 9 
33 2.61 1.205 0.33 0.17 42 
34 1.28 0.23 0.16 0.09 17 
35 1.3 0.62 < 0.01 0.14 11 
36 1.1 0.15 0.21 0.09 12.5 
37 2.74 1.51 0.44 0.23 28 
38 2.72 1.12 0.584 0.225 35.5 
40 1.06 0.38 0.1 0.12 7 
41 1.2 0.33 0.1 0.06 4 
42 0.6 0.09 < 0.01 0.04 < 4 
43 1.355 0.375 0.109 0.13 8 
44 1.28 0.52 0.14 0.1 16 





Figure 4: Kendall’s tau correlation results and plot of nitrate+nitrite and nitrate for Thomas 

















































Figure 5: Daily precipitation amounts and biweekly measurements of fecal coliforms and 











































































































































Table 6. Median comparisons between sites based on pairwise Wilcoxon test results.  
 
 
pH   DO (mg/L)   TURB (NTU)   FC (mpn/100mL) 






















































    
























Different superscript letters represent significantly different medians based on p < 0.05. Asterisks 
indicate that medians at other (unlisted) sites were different from the listed sites, but does not indicate 









































Table 7. Median comparisons among river groups, bay groups, and land-use groups based on 
pairwise Wilcoxon test results.  
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3 Thomas Ck Old Hwy 99 N 48.526 -122.339 3 
4 Thomas Ck F&S Grade 48.528 -122.276 2 
6 Friday Ck Prairie Rd 48.559 -122.327 4 
8 Swede Ck Grip Rd 48.555 -122.287 3 
11 Samish R State Route 9 48.602 -122.231 1 
12 Nookachamps Ck Swan Rd 48.454 -122.270 3 
13 E.F. Nookachamps Ck State Route 9 48.446 -122.251 3 
14 College Way Ck College Way 48.436 -122.286 4 
15 Nookachamps Ck Knapp Rd 48.429 -122.258 2 
16 E.F. Nookachamps Ck Beaver Lake Rd 48.424 -122.208 1 
17 Nookachamps Ck Big Lake Outlet 48.400 -122.237 1 
18 Lake Ck State Route 9 48.356 -122.202 1 
19 Hansen Ck Hoehn Rd 48.504 -122.197 3 
20 Hansen Ck Northern State 48.531 -122.199 1 
21 Coal Ck Hoehn Rd 48.507 -122.169 3 
22 Coal Ck Hwy 20 48.531 -122.149 1 
23 Wiseman Ck Minkler Rd 48.526 -122.130 2 
24 Mannser Ck Lyman Hamilton Hwy 48.528 -122.041 2 
25 Red Cabin Ck Hamilton Cem Rd 48.534 -122.023 2 
28 Brickyard Ck Hwy 20 48.497 -122.268 4 
29 Skagit R River Bend Rd 48.439 -122.372 5 
30 Skagit R Cape Horn Rd 48.521 -121.960 5 
31 Drain Dist 20 floodgate Francis Rd 48.445 -122.317 3 
32 Samish R  Thomas Rd 48.521 -122.410 3 
33 Alice Bay Pump Station Samish Island Rd 48.555 -122.483 3 
34 Noname Slough  Bayview-Edison Rd 48.468 -122.464 3 
35 Joe Leary Slough  D'Arcy Rd 48.520 -122.462 3 
36 Edison Slough at school W. Bow Hill Rd 48.562 -122.435 3 
37 Edison Pump Station Farm to Market Rd 48.561 -122.444 3 
38 North Edison Pump Station North Edison Rd 48.572 -122.441 3 
39 Colony Ck Colony Rd 48.581 -122.401 2 
40 Big Indian Slough  Bayview-Edison Rd 48.447 -122.457 3 
41 Maddox Slough/Big Ditch Milltown Rd 48.309 -122.346 3 
42 Hill Ditch  Cedardale Rd 48.324 -122.327 3 
43 Wiley Slough Wylie Rd 48.326 -122.372 3 
44 Rexville Pump Station Summers Drive 48.366 -122.419 3 
 Sullivan Slough
2
 La Conner-Whitney Rd 48.395 -122.485 3 
45 Skagit R – North Fork Moore Rd 48.364 -122.416 5 
46 Skagit R – South Fork Fir Island Rd 48.342 -122.349 5 
47 Swinomish Channel County Boat Launch 48.455 -122.512 6 
48 Fisher Ck Franklin Rd 48.320 -122.328 3 
      1
See Table 2 for site type descriptions 
   
2
Site 44 was moved in June,  
48 
 





AgWeatherNet: Latitude Longitude 
Fir Island::  48.357 -122.422 
WSU: 48.438 -122.386 
Sakuma: 48.497 -122.378 
   
Weather Underground   
 
Bow: 
               
48.536 -122.370 
Burlington: 48.470 -122.419 
LaConner:  48.464 -122.469 
Mount Vernon:  48.414 -122.338 
Sedro-Woolley: 48.521 -122.226 
 
 
Weather Station Groups 
   
     Group 1 3,4,6,8,11,32,33,35,36,37,38,39 
 
Group 4 34,40,47 
Stations: Bow: Dec-07 to Sept -11 
 
Stations: La Conner: Dec-07 to Sept-11 
 
Sakuma: June-06 to Dec-07  
  
Burlington: Jan-03 to Dec-07 
 
Burlington: Jan-03 to June-06 
 
    
    
   
   
Group 5 29 
Group 2 19,20,21,22,23,24,25,28,30 
 
Stations: WSU: Jan-04 to Sept-11 
Stations: 
Sedro Woolley: Dec-08 to Sept-
11   
Burlington: Jan-03 to Jan-04 
 
Sakuma: June-06 to Dec-08 
 
    
 
Burlington: June-03 to June-06 
   
    
 
Group 6 41,42,43,44,45,46,48 
   
Stations: Fir:  April-08 to Sept-11                          
Group 3 12,13,14,15,16,17,18,31 
  
Mount Vernon:  May-06 to 
April-08 (except Nov-07) 
Stations: Mount Vernon: May-06 to Oct-
08          & Dec 09 to Sept-11    
WSU: Jan-04 to May-06                             
& Nov-07  
 
WSU: Jan-04 to May-06                       
& Nov-08 to Nov-09              
Burlington: Oct-03 to Dec-03 
 
Burlington: Oct-03 to Dec-03 
 
   
 
Appendix C: Summary statistics for all sites. *Note that for Fecal Coliform Geometric mean is used rather than arithmetic mean  
pH DO DO TEMP TURB COND SAL FC* NOX TKN TP OP NO3 NH4 TSS ON DIN TN
SITE N mg/L % sat °C NTU us/cm ppt mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
3 Median 7.0 7.5 63.3 9.8 9.9 138 0.1 50 0.505 0.7 0.04 0.48 0.095 4 0.61 0.67 1.28
Mean  6.94 6.53 56.61 10.49 13.64 155 0.08 63 0.67 0.89 0.11 0.05 0.70 0.13 12.55 0.76 0.76 1.41
SD 0.23 2.92 22.52 4.68 12.89 127 0.04 658 0.55 0.45 0.07 0.03 0.53 0.14 15.64 0.42 0.57 0.75
N 198 202 203 205 197 201 205 203 76 76 76 75 75 76 75 75 75 75
4 Median 7.3 10.9 95.2 9.4 15.8 110 0.1 240 0.97 0.5 0.05 0.97 0.05 8 0.43 0.94 1.30
Mean  7.35 10.93 94.50 9.27 24.37 124 0.05 257 1.04 0.68 0.10 0.07 1.02 0.07 19.08 0.61 1.09 1.47
SD 0.29 1.28 5.50 3.72 38.27 50 0.05 2774 0.30 0.33 0.08 0.03 0.30 0.04 31.45 0.31 0.32 0.58
N 203 205 206 207 200 202 207 205 77 77 77 77 76 77 77 77 77 77
6 Median 7.3 11.1 98.3 9.8 3.8 70 0 30 0.46 0.01 0.455 0.03 0.35
Mean  7.37 11.17 98.72 10.25 7.04 80 0.02 39 0.52 0.62 0.09 0.03 0.52 0.06 22.73 0.57 0.56 0.79
SD 0.39 1.21 5.56 4.41 13.26 21 0.04 355 0.26 0.32 0.12 0.02 0.26 0.03 49.28 0.30 0.27 0.52
N 201 203 204 206 200 205 206 207 77 77 77 77 76 77 77 77 77 77
8 Median 7.2 10.9 94.8 9.1 10.2 65 0 70 0.38 0.44 0.02 0.37 0.06 5 0.44 0.32 0.59
Mean  7.16 10.83 93.34 9.41 17.01 69 0.00 77 0.46 0.68 0.07 0.04 0.44 0.07 21.52 0.62 0.52 0.83
SD 0.31 1.74 8.13 4.31 26.68 17 0.02 528 0.37 0.30 0.06 0.03 0.32 0.03 46.30 0.27 0.39 0.67
N 204 206 207 209 201 203 209 208 77 77 77 77 76 77 77 77 77 77
11 Median 7.0 8.6 73.7 9.0 2.5 68 0 20 0.31 0.31 0.04 0.22
Mean  6.95 8.53 72.99 8.89 4.31 74 0.01 20 0.31 0.46 0.07 0.03 0.31 0.06 31.52 0.42 0.34 0.42
SD 0.29 1.40 7.78 3.41 12.65 19 0.03 366 0.12 0.25 0.11 0.01 0.12 0.02 76.15 0.24 0.13 0.28
N 204 208 209 209 201 205 209 208 77 77 77 77 76 77 77 77 77 77
12 Median 7.1 9.5 85.0 9.8 5.8 104 0 50 0.42 0.56 0.01 0.42 0.08 8 0.44 0.51 0.94
Mean  7.10 9.28 82.10 10.80 9.34 110 0.04 65 0.43 0.68 0.08 0.03 0.42 0.10 13.04 0.58 0.52 0.88
SD 0.27 2.09 14.32 5.35 20.16 34 0.05 176 0.22 0.19 0.06 0.02 0.21 0.05 21.18 0.20 0.23 0.44
N 188 191 193 194 188 193 194 193 73 73 73 73 72 73 73 73 73 73
13 Median 7.2 10.1 88.0 9.0 3.4 93 0 50 0.285 0.28 0.06 0.33
Mean  7.22 9.96 87.00 9.80 5.05 94 0.03 55 0.33 0.57 0.03 0.02 0.33 0.07 12.41 0.50 0.38 0.59
SD 0.30 1.51 9.84 4.71 11.80 27 0.05 353 0.21 0.14 0.03 0.01 0.21 0.03 20.95 0.14 0.23 0.42
N 199 202 203 204 200 202 204 203 76 76 76 76 75 76 76 76 76 76
14 Median 7.4 9.6 86.7 10.2 4.5 218 0.1 130 0.3 0.56 0.05 0.305 0.08 0.47 0.37 0.81
Mean  7.78 9.27 81.47 11.14 9.35 210 0.09 166 0.39 0.67 0.09 0.08 0.38 0.09 10.31 0.57 0.47 0.86
SD 6.00 2.34 15.28 10.74 35.09 66 0.03 1567 0.29 0.19 0.08 0.06 0.28 0.04 10.69 0.18 0.29 0.49
N 201 205 206 207 201 204 207 205 75 75 75 75 74 75 75 75 75 75
15 Median 7.2 9.0 81.6 11.5 4.3 104 0.1 70 0.27 0.62 0.03 0.25 0.09 5 0.52 0.37 0.92
Mean  7.16 8.01 71.45 11.66 5.42 116 0.05 77 0.33 0.73 0.13 0.08 0.33 0.12 7.21 0.61 0.42 0.94
SD 0.25 3.22 24.86 5.31 5.09 34 0.05 375 0.26 0.25 0.07 0.06 0.26 0.08 4.64 0.22 0.29 0.49
N 202 205 206 207 202 206 207 205 77 77 77 77 76 77 77 77 77 77
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Appendix C: Summary statistics for all sites. *Note that for Fecal Coliform Geometric mean is used rather than arithmetic mean  
pH DO DO TEMP TURB COND SAL FC* NOX TKN TP OP NO3 NH4 TSS ON DIN TN
SITE N mg/L % sat °C NTU us/cm ppt mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
16 Median 7.4 11.6 98.6 8.1 1.5 84 0 23 0.31 0.305
Mean  7.41 11.43 98.11 9.05 4.03 89 0.03 28 0.34 0.46 0.03 0.03 0.33 0.06 31.00 0.42 0.37 0.47
SD 0.29 1.29 5.71 4.30 9.63 31 0.04 297 0.19 0.15 0.03 0.01 0.19 0.02 55.56 0.15 0.21 0.33
N 202 205 206 207 202 204 207 205 77 77 77 77 76 77 77 77 77 77
17 Median 7.5 10.1 93.8 12.3 1.7 87 0 13 0.14 0.5 0.15 0.05 0.43 0.10
Mean  7.43 9.98 91.77 12.38 2.03 91 0.02 16 0.27 0.59 0.03 0.04 0.26 0.07 5.68 0.53 0.27 0.56
SD 0.29 1.80 9.09 5.77 1.41 16 0.05 120 0.21 0.15 0.02 0.04 0.21 0.03 1.55 0.14 0.22 0.39
N 202 205 206 207 202 205 207 203 77 77 77 77 76 77 77 77 77 77
18 Median 7.4 11.0 97.4 9.8 2.0 84 0 50 0.41 0.02 0.41 0.04 0.32
Mean  7.40 11.13 97.31 9.70 3.04 91 0.03 53 0.45 0.63 0.03 0.04 0.45 0.05 13.17 0.60 0.49 0.70
SD 0.30 1.26 5.14 3.79 4.70 24 0.05 1312 0.18 0.52 0.03 0.02 0.17 0.02 19.89 0.52 0.18 0.51
N 202 205 206 207 202 206 207 205 77 77 77 77 76 77 77 77 77 77
19 Median 7.1 10.6 90.7 8.3 3.9 81 0 79 0.36 0.02 0.35 0.05 5 0.33
Mean  7.11 10.51 90.01 8.92 21.92 85 0.02 82 0.43 0.90 0.18 0.04 0.43 0.07 84.70 0.85 0.47 0.72
SD 0.26 1.30 5.60 4.06 92.13 18 0.04 510 0.21 1.18 0.32 0.05 0.20 0.02 210.8 1.17 0.23 0.87
N 201 205 206 206 199 200 206 205 75 75 76 75 75 75 75 75 75 75
20 Median 7.2 11.2 95.0 8.5 2.4 75 0 50 0.39 0.02 0.385 4
Mean  7.18 11.07 95.00 8.90 24.60 80 0.02 44 0.45 0.75 0.28 0.04 0.45 0.06 160.6 0.70 0.48 0.68
SD 0.26 1.12 4.33 3.62 103.8 20 0.04 301 0.23 0.56 0.50 0.04 0.23 0.03 372.9 0.52 0.24 0.57
N 201 206 207 207 200 203 207 205 77 77 77 77 76 77 77 77 77 77
21 Median 7.2 11.3 93.4 7.0 3.8 80 0 75 0.69 0.69 5
Mean  7.12 11.10 92.95 8.10 19.08 84 0.01 85 0.74 0.57 0.12 0.04 0.73 0.07 46.38 0.53 0.77 0.89
SD 0.25 1.47 5.21 4.18 85.60 22 0.03 801 0.27 0.31 0.16 0.04 0.26 0.04 104.4 0.28 0.29 0.46
N 182 187 187 187 179 181 187 186 68 68 68 68 67 68 68 68 68 69
22 Median 7.3 11.9 99.5 7.4 1.5 76 0 8 0.57 0.56
Mean  7.33 11.87 99.45 8.03 18.13 81 0.01 17 0.61 0.59 0.19 0.03 0.62 0.06 74.50 0.56 0.62 0.76
SD 0.33 1.20 4.07 3.82 91.15 21 0.03 413 0.25 0.38 0.28 0.03 0.27 0.03 160.0 0.35 0.28 0.48
N 202 204 205 207 201 201 207 205 75 76 76 75 75 76 75 75 75 75
23 Median 7.3 12.0 99.4 7.3 1.0 76 0 11 0.915 0.01 0.9
Mean  7.35 11.86 100.3 8.13 16.29 77 0.01 20 0.96 0.61 0.25 0.03 0.96 0.07 96.59 0.61 0.98 1.12
SD 0.32 1.06 6.47 3.44 88.93 19 0.03 444 0.31 0.35 0.29 0.02 0.31 0.08 199.2 0.33 0.31 0.50
N 189 192 194 194 187 191 194 192 74 74 74 74 73 74 74 74 74 75
24 Median 7.0 6.5 56.5 8.9 1.4 110 0.1 22 0.19 0.03 0.19
Mean  6.95 6.53 55.63 8.55 1.15 110 0.06 18 0.22 0.78 0.03 0.06 0.23 0.05 8.40 0.76 0.24 0.39
SD 0.27 1.47 10.89 3.07 7.19 15 0.05 88 0.12 1.35 0.02 0.08 0.12 0.02 7.15 1.36 0.13 0.69
N 204 208 209 209 203 205 209 205 77 77 77 77 76 77 77 77 77 77
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Appendix C: Summary statistics for all sites. *Note that for Fecal Coliform Geometric mean is used rather than arithmetic mean  
pH DO DO TEMP TURB COND SAL FC* NOX TKN TP OP NO3 NH4 TSS ON DIN TN
SITE N mg/L % sat °C NTU us/cm ppt mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
25 Median 7.4 11.8 98.1 7.3 0.1 64 0 8 0.49 0.01 0.485
Mean  7.34 11.78 98.60 7.52 4.15 69 0.01 15 0.54 0.58 0.10 0.03 0.53 0.04 62.91 0.56 0.55 0.64
SD 0.31 0.79 5.32 2.34 28.30 21 0.02 160 0.21 0.29 0.15 0.02 0.18 0.02 120.6 0.29 0.22 0.35
N 170 173 175 175 170 175 175 172 67 67 67 67 66 67 67 67 67 67
28 Median 7.1 9.5 81.5 8.5 6.6 109 0.1 50 0.58 0.54 0.025 0.575 0.07 0.46 0.61 1.07
Mean  7.12 9.29 79.03 8.88 8.91 108 0.05 54 0.63 0.70 0.05 0.06 0.63 0.10 10.40 0.60 0.71 1.14
SD 0.42 1.90 10.35 3.94 7.51 39 0.05 291 0.32 0.25 0.02 0.05 0.32 0.07 11.07 0.23 0.35 0.50
N 150 154 155 155 150 151 155 153 59 59 59 59 58 59 59 59 59 59
29 Median 7.3 11.1 96.0 8.7 5.4 56 0 8 0.081 0.07 7
Mean  7.23 11.11 95.49 8.92 17.17 56 0.00 12 0.09 0.58 0.09 0.03 0.09 0.24 40.17 0.57 0.14 0.25
SD 0.37 1.07 5.59 3.63 52.22 13 0.00 122 0.05 0.46 0.11 0.02 0.04 0.67 80.03 0.47 0.32 0.36
N 201 203 204 207 201 206 207 202 75 75 74 75 74 75 75 74 75 74
30 Median 7.2 11.4 96.0 8.0 4.3 59 0 4 0.075 0.07 7
Mean  7.19 11.28 95.84 8.47 11.22 59 0.19 6 0.10 0.47 0.10 0.03 0.10 0.04 39.65 0.46 0.09 0.15
SD 0.31 0.96 4.36 3.28 29.11 13 2.67 23 0.08 0.35 0.14 0.03 0.08 0.02 83.54 0.34 0.09 0.23
N 202 206 207 207 201 207 207 201 76 76 76 76 75 76 76 76 76 76
31 Median 7.2 8.4 71.7 8.0 6.7 223 0.1 50 0.51 0.74 0.04 0.47 0.11 5 0.62 0.60 1.23
Mean  7.21 8.13 68.36 8.39 12.12 250 0.11 51 0.53 1.13 0.14 0.06 0.52 0.14 18.53 0.98 0.64 1.50
SD 0.42 2.89 23.04 3.94 17.03 233 0.05 884 0.38 1.49 0.09 0.03 0.37 0.11 27.34 1.49 0.40 1.43
N 120 119 119 121 118 118 120 119 45 45 45 45 45 45 45 45 45 45
32 Median 7.4 10.8 94.1 9.6 6.2 93 0 50 0.54 0.02 0.54 0.06 9 0.60
Mean  7.44 10.80 96.36 10.47 13.64 97 0.08 58 0.61 0.63 0.11 0.04 0.60 0.08 28.19 0.54 0.68 0.85
SD 0.42 1.12 9.50 4.45 24.30 24 0.55 1266 0.20 0.33 0.14 0.03 0.20 0.09 50.73 0.25 0.27 0.50
N 198 202 203 205 200 205 205 206 77 78 78 77 77 78 77 77 77 77
33 Median 7.2 8.6 87.4 12.6 19.7 23055 14.3 50 0.3 2.61 0.33 0.17 0.22 1.205 42 1.40 1.73 3.24
Mean  7.29 9.45 113.3 13.19 30.87 23815 15.36 60 0.74 3.06 0.51 0.29 0.79 1.27 50.33 1.82 1.88 3.70
SD 0.84 4.21 72.99 6.37 45.36 13891 8.70 450 0.76 2.15 0.44 0.26 0.78 0.83 31.91 2.06 1.30 2.29
N 198 192 205 207 201 204 207 206 75 76 76 75 75 76 75 75 75 75
34 Median 7.1 6.9 63.3 10.9 16.7 2468 1.35 130 0.182 1.28 0.16 0.09 0.18 0.23 17 1.00 0.62 1.68
Mean  7.18 6.58 58.64 11.22 20.24 14194 9.29 158 0.68 1.51 0.78 0.53 0.76 0.35 31.24 1.17 0.90 2.04
SD 0.45 3.42 26.68 5.59 20.21 17556 11.54 1438 0.86 0.78 0.97 0.83 0.86 0.33 36.97 0.66 0.84 0.99
N 200 204 204 205 200 199 204 201 76 76 76 76 75 76 76 76 76 76
35 Median 7.0 5.3 49.1 11.4 36.1 358 0.2 80 0.68 1.3 0.16 0.14 0.65 0.62 11 0.53 1.30 1.84
Mean  7.12 5.28 48.82 11.76 40.18 380 0.20 98 0.98 1.24 0.21 0.15 0.95 0.62 18.58 0.62 1.59 2.21
SD 0.46 1.33 11.66 3.93 25.62 142 0.09 1050 0.86 0.37 0.11 0.07 0.85 0.27 21.11 0.27 0.85 1.08
N 191 198 198 199 193 199 199 193 72 73 73 72 73 73 72 73 73 73
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Appendix C: Summary statistics for all sites. *Note that for Fecal Coliform Geometric mean is used rather than arithmetic mean  
pH DO DO TEMP TURB COND SAL FC* NOX TKN TP OP NO3 NH4 TSS ON DIN TN
SITE N mg/L % sat °C NTU us/cm ppt mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
36 Median 7.2 8.6 77.0 12.3 8.1 1626 0.8 50 0.09 1.1 0.21 0.09 0.04 0.15 12.5 0.89 0.44 1.41
Mean  7.46 8.79 91.37 13.38 9.90 12318 7.34 58 0.48 1.28 0.69 0.47 0.63 0.29 26.19 1.00 0.69 1.69
SD 0.68 2.94 46.42 7.57 6.62 15803 9.57 336 0.56 0.64 0.71 0.63 0.57 0.38 21.06 0.52 0.59 0.79
N 197 200 203 204 198 200 204 204 76 76 76 76 75 76 76 76 76 76
37 Median 7.3 6.1 58.8 12.1 21.9 6110 3.4 130 0.276 2.74 0.44 0.23 0.255 1.51 28 1.07 2.52 3.72
Mean  7.40 6.77 81.97 13.10 47.47 10906 6.50 119 0.96 3.14 0.81 0.53 1.12 1.64 42.94 1.52 2.47 3.95
SD 0.62 3.76 72.10 6.37 108.2 10701 6.71 523 1.17 1.26 0.83 0.54 1.21 1.11 46.23 1.19 1.39 1.36
N 199 194 205 206 200 205 206 207 77 77 77 77 76 77 77 77 77 77
38 Median 7.2 6.3 60.5 12.0 23.9 12045 7.1 130 0.17 2.72 0.58 0.225 0.14 1.12 35.5 1.35 1.83 3.07
Mean  7.36 6.82 85.32 12.51 55.97 17269 10.57 128 0.51 2.86 0.80 0.55 0.57 1.20 59.63 1.67 1.62 3.28
SD 0.80 8.57 74.74 5.59 186.6 13979 8.92 2251 0.51 1.00 0.63 0.51 0.52 0.67 82.54 1.03 0.87 1.08
N 193 188 194 199 194 198 199 200 76 76 76 76 75 76 76 76 76 76
39 Median 7.3 11.0 95.8 9.4 8.0 83 0 80 0.68 0.52 0.035 0.66 0.07 5 0.46 0.51 0.98
Mean  7.26 10.87 94.19 9.60 20.67 118 0.04 81 0.85 0.89 0.19 0.07 0.82 0.08 88.51 0.81 0.92 1.45
SD 0.29 1.67 6.74 4.38 50.43 65 0.05 2458 0.57 0.88 0.32 0.04 0.54 0.04 312.4 0.88 0.59 1.17
N 199 203 204 206 199 200 206 206 76 76 76 76 75 76 76 76 76 76
40 Median 6.8 4.7 42.8 10.6 22.6 377 0.2 50 0.66 1.06 0.1 0.12 0.62 0.38 7 0.61 1.20 1.83
Mean  6.84 5.10 45.11 10.84 24.96 367 0.18 67 0.77 1.12 0.16 0.13 0.74 0.39 12.44 0.70 1.15 1.78
SD 0.24 2.04 15.53 3.82 16.56 207 0.05 785 0.50 0.33 0.06 0.07 0.49 0.23 9.42 0.30 0.60 0.86
N 199 203 203 204 199 204 204 200 75 76 76 75 76 76 75 75 75 75
41 Median 7.2 6.0 53.6 11.3 10.2 570 0.3 50 0.85 1.2 0.1 0.06 0.805 0.33 4 0.80 1.06 1.87
Mean  7.18 6.12 57.42 11.79 17.45 523 0.25 44 1.41 1.45 0.18 0.10 1.46 0.44 13.00 0.93 1.51 2.30
SD 0.28 1.99 20.94 4.67 31.97 301 0.15 118 1.05 0.68 0.10 0.07 0.99 0.38 18.25 0.43 1.40 1.82
N 202 205 206 207 202 205 207 205 77 77 77 77 76 77 77 77 77 77
42 Median 7.3 8.0 71.8 10.3 2.9 189 0.1 30 0.53 0.6 0.04 0.525 0.09 0.51 0.57 1.04
Mean  7.29 7.57 66.79 11.03 3.57 200 0.10 37 0.64 0.70 0.11 0.07 0.63 0.09 6.38 0.58 0.67 1.12
SD 0.23 2.59 18.47 5.31 3.49 49 0.01 653 0.46 0.19 0.08 0.04 0.45 0.03 1.98 0.21 0.48 0.65
N 201 204 205 206 201 204 206 201 77 77 77 77 76 77 77 77 77 77
43 Median 7.2 4.8 41.7 11.3 10.0 1940 1 50 0.325 1.355 0.11 0.13 0.63 0.375 8 0.86 0.67 1.85
Mean  7.27 5.12 47.36 11.86 24.13 2921 1.57 56 1.80 1.55 0.45 0.26 2.09 0.51 17.17 1.04 2.03 3.04
SD 0.36 2.88 27.47 4.88 67.99 3072 1.67 310 2.03 0.92 0.50 0.34 1.95 0.38 33.73 0.71 2.20 2.48
N 194 197 198 198 194 198 199 194 74 74 74 74 73 74 74 74 74 74
44 Median 7.4 7.0 66.4 11.1 19.1 3533 2.95 80 0.09 1.28 0.14 0.1 0.07 0.52 16 0.75 0.38 1.26
Mean  7.38 6.87 68.04 11.46 39.22 6847 4.81 73 0.77 1.47 0.32 0.13 0.82 0.63 28.70 0.87 1.18 1.96
SD 0.41 3.29 37.74 4.20 83.56 7346 5.00 310 1.18 0.69 0.65 0.07 1.19 0.53 42.33 0.41 1.40 1.60
N 201 201 205 206 201 204 206 202 76 77 77 76 76 77 76 76 76 76
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Appendix C: Summary statistics for all sites. *Note that for Fecal Coliform Geometric mean is used rather than arithmetic mean  
pH DO DO TEMP TURB COND SAL FC* NOX TKN TP OP NO3 NH4 TSS ON DIN TN
SITE N mg/L % sat °C NTU us/cm ppt mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
45 Median 7.6 11.4 97.7 8.9 6.0 57 0 8 0.08 0.07 8
Mean  7.57 11.29 97.20 9.15 15.33 57 0.00 8 0.09 0.53 0.10 0.03 0.09 0.05 27.59 0.42 0.10 0.20
SD 0.37 1.09 4.17 3.72 47.40 11 0.01 20 0.04 0.37 0.15 0.03 0.04 0.02 62.58 0.39 0.07 0.28
N 191 192 192 197 192 196 197 193 73 73 73 73 73 73 73 73 73 73
46 Median 7.5 11.3 97.5 9.2 6.0 57 0 8 0.08 0.07 8.5
Mean  7.52 11.25 97.48 9.33 10.39 60 0.00 10 0.10 0.55 0.05 0.02 0.09 0.05 22.17 0.48 0.10 0.18
SD 0.34 1.05 3.94 3.76 14.49 46 0.02 48 0.07 0.46 0.07 0.01 0.04 0.02 34.92 0.47 0.08 0.28
N 196 199 200 201 196 200 201 199 74 74 74 74 73 74 74 74 74 74
47 Median 7.7 9.0 89.7 10.2 4.2 34480 21.8 4 0.18 0.04 0.175 0.06 34 0.24
Mean  7.64 8.77 89.36 10.48 5.83 33733 21.30 6 0.20 0.63 0.11 0.07 0.20 0.07 37.37 0.56 0.24 0.34
SD 0.28 1.11 9.05 3.14 8.02 6870 4.24 14 0.09 0.44 0.06 0.11 0.09 0.03 22.46 0.43 0.12 0.37
N 201 205 206 207 201 207 207 203 77 77 77 77 76 77 77 77 77 77
48 Median 7.6 10.9 95.8 9.5 2.2 140 0.1 70 0.5 0.7 0.1 0.15 0.51 0.1 0.58 0.64 1.25
Mean  7.58 11.07 95.20 8.97 2.86 162 0.08 73 0.64 0.79 0.28 0.26 0.63 0.10 13.92 0.68 0.74 1.25
SD 0.26 1.30 5.42 3.21 8.66 61 0.04 378 0.48 0.23 0.16 0.18 0.48 0.02 19.96 0.23 0.49 0.78
N 202 204 205 207 203 205 207 203 77 76 77 77 76 77 77 77 77 77
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Appendix D: Kendall's Tau values for significant correlations within sites.  Asterists indicates signficance level: < 0.05 *; < 0.01 **; <0.001 ***  
Samish 11 pH
DO (mg/L) 0.155** DO (mg/L)
DO (%) 0.180*** 0.706*** DO (%)
TEMP  -0.666*** -0.372*** TEMP
TURB -0.0974* -0.223*** -0.130** 0.283*** TURB
COND  -0.355*** -0.289*** 0.370*** 0.186*** COND
SAL  -0.160**  0.267*** 0.161** 0.425*** SAL
FC  -0.407*** -0.306*** 0.436*** 0.399*** 0.345*** 0.332*** FC
NOX 0.181* 0.233** 0.278***  0.168* 0.164* 0.313** 0.167* NOX
NO3 0.178* 0.237** 0.278***  0.167*  0.302**  0.994*** NO3
PRECIP    -0.111*  -0.244***     PRECIP
YEAR -0.643* -0.593*
EF Nook 16 pH
DO (mg/L) -0.0974* DO (mg/L)
DO (%) 0.211*** 0.221*** DO (%)
TEMP 0.181*** -0.732***  TEMP
TURB -0.278*** 0.320*** -0.135** -0.396*** TURB
COND 0.150** -0.293***  0.289*** -0.44*** COND
SAL 0.268*** -0.490***  0.552*** -0.501*** 0.618*** SAL
FC 0.181*** -0.457***  0.503*** -0.262*** 0.327*** 0.464*** FC
NOX -0.231** 0.305***  -0.399*** 0.407***  -0.346*** -0.358*** NOX
NO3 -0.230** 0.308***  -0.396*** 0.435***  -0.335*** -0.363*** 0.973*** NO3
PRECIP  0.157**  -0.196*** 0.341*** -0.233*** -0.253***  0.214* 0.229** PRECIP
YEAR -0.643* -0.741*
Nook 17 pH
DO (mg/L)  DO (mg/L)
DO (%) 0.184*** 0.506*** DO (%)
TEMP 0.152** -0.673*** -0.180*** TEMP
TURB -0.167*** 0.166***  -0.205*** TURB
COND  -0.399*** -0.409*** 0.243***  COND
SAL  -0.416*** -0.414*** 0.251***  0.567*** SAL
FC  -0.380*** -0.269*** 0.291***  0.407*** 0.489*** FC
NOX -0.176* 0.533*** 0.281** -0.572***  -0.345*** -0.311** -0.355*** NOX
NO3  0.529*** 0.297*** -0.558***  -0.357*** -0.314** -0.362*** 0.970*** NO3
PRECIP  0.198*** 0.166** -0.165** 0.152** -0.140** -0.164**    PRECIP
YEAR -0.618*
Lake 18 pH
DO (mg/L) -0.105* DO (mg/L)
DO (%)  0.442*** DO (%)
TEMP 0.157** -0.732*** -0.174*** TEMP
TURB -0.214*** 0.269***  -0.284*** TURB
COND 0.235*** -0.429*** -0.201*** 0.422*** -0.566*** COND
SAL 0.214*** -0.477*** -0.208*** 0.513*** -0.498*** 0.651*** SAL
FC 0.167*** -0.508*** -0.193*** 0.516*** -0.200*** 0.409*** 0.462*** FC
NOX  0.460*** 0.184* -0.464*** 0.241** -0.401*** -0.376*** -0.381*** NOX
NO3  0.438***  -0.448*** 0.245** -0.384*** -0.375*** -0.361*** 0.962*** NO3
PRECIP  0.120*  -0.156** 0.361*** -0.263*** -0.255***  0.237** 0.219* PRECIP
YEAR -0.691*
Hansen 20 pH
DO (mg/L)  DO (mg/L)
DO (%)  0.311*** DO (%)
TEMP  -0.754***  TEMP
TURB -0.172*** 0.313*** 0.0947* -0.310*** TURB
COND 0.164*** -0.383*** -0.161*** 0.352*** -0.559*** COND
SAL 0.142* -0.430*** -0.138* 0.446*** -0.387*** 0.545*** SAL
FC  -0.444***  0.460***  0.244*** 0.362*** FC
NOX -0.24** 0.457***  -0.536*** 0.470*** -0.48*** -0.459*** -0.303*** NOX
NO3 -0.225** 0.474***  -0.554*** 0.460*** -0.482*** -0.466*** -0.324*** 0.994*** NO3
PRECIP  0.107*  -0.120* 0.387*** -0.255*** -0.126* 0.136* 0.236** 0.233** PRECIP
YEAR 0.764**
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Appendix D: Kendall's Tau values for significant correlations within sites.  Asterists indicates signficance level: < 0.05 *; < 0.01 **; <0.001 ***  
Coal 22 pH
DO (mg/L) -0.146** DO (mg/L)
DO (%)  0.253*** DO (%)
TEMP 0.134** -0.799***  TEMP
TURB -0.140** 0.228***  -0.230*** TURB
COND 0.174*** -0.328***  0.351*** -0.474*** COND
SAL 0.160** -0.407***  0.429*** -0.36*** 0.499*** SAL
FC 0.179** -0.417***  0.473*** -0.160** 0.346*** 0.359*** FC
NOX -0.173* 0.312***  -0.319*** 0.343*** -0.224**   NOX
NO3 -0.160* 0.317***  -0.362*** 0.299*** -0.209**   0.997*** NO3
PRECIP    -0.106* 0.320*** -0.194*** -0.127*  0.260** 0.276** PRECIP
YEAR
Thomas 4 pH
DO (mg/L) -0.255*** DO (mg/L)
DO (%) -0.130** 0.438*** DO (%)
TEMP 0.249*** -0.725*** -0.161*** TEMP
TURB -0.233*** 0.287*** 0.175*** -0.29*** TURB
COND 0.322*** -0.482*** -0.245*** 0.495*** -0.667*** COND
SAL 0.333*** -0.563*** -0.250*** 0.566*** -0.546*** 0.699*** SAL
FC 0.193*** -0.327*** -0.109* 0.359***  0.253*** 0.314*** FC
NOX         NOX
NO3         0.983*** NO3
PRECIP -0.153**   -0.115* 0.341*** -0.310*** -0.258***    PRECIP
YEAR -0.571*
Nook 15 pH
DO (mg/L)  DO (mg/L)
DO (%)  0.749*** DO (%)
TEMP  -0.562*** -0.312*** TEMP
TURB   -0.101* -0.0992* TURB
COND  -0.518*** -0.608*** 0.187*** 0.149** COND
SAL  -0.595*** -0.638*** 0.376*** 0.120* 0.680*** SAL
FC  -0.233*** -0.212*** 0.248*** 0.194*** 0.211*** 0.297*** FC
NOX  0.537*** 0.358*** -0.578***  -0.261** -0.396*** -0.255** NOX
NO3  0.512*** 0.321*** -0.607***  -0.222** -0.372*** -0.241** 0.969*** NO3
PRECIP  0.165** 0.111* -0.154** 0.131* -0.107*  0.124* 0.216* 0.199* PRECIP
YEAR
Wiseman 23 pH
DO (mg/L) -0.140** DO (mg/L)
DO (%)  0.212*** DO (%)
TEMP  -0.725***  TEMP
TURB -0.128* 0.248***  -0.255*** TURB
COND 0.185*** -0.239***  0.233*** -0.506*** COND
SAL  -0.271*** 0.137* 0.326*** -0.336*** 0.434*** SAL
FC 0.244*** -0.412***  0.519*** -0.178** 0.274*** 0.400*** FC
NOX  0.345***  -0.377*** 0.271***  -0.252** -0.204* NOX
NO3  0.336***  -0.390*** 0.264**  -0.253** -0.217* 0.993*** NO3
PRECIP     0.303*** -0.180***     PRECIP
YEAR -0.429*
Mannser 24 pH
DO (mg/L) 0.279*** DO (mg/L)
DO (%) 0.279*** 0.770*** DO (%)
TEMP -0.107* -0.444*** -0.216*** TEMP
TURB -0.142** -0.226*** -0.119* 0.332*** TURB
COND  -0.142**  0.439*** 0.111* COND
SAL  -0.302*** -0.132* 0.563*** 0.264*** 0.661*** SAL
FC  -0.158**  0.379*** 0.208*** 0.246*** 0.314*** FC
NOX  0.487*** 0.315*** -0.598*** -0.242** -0.466*** -0.525*** -0.320*** NOX
NO3  0.474*** 0.297*** -0.591*** -0.222** -0.466*** -0.526*** -0.305*** 0.986*** NO3
PRECIP    -0.115*  -0.266*** -0.206**    PRECIP
YEAR -0.889**
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Appendix D: Kendall's Tau values for significant correlations within sites.  Asterists indicates signficance level: < 0.05 *; < 0.01 **; <0.001 ***  
Red Cabin 25 pH
DO (mg/L)  DO (mg/L)
DO (%)  0.320*** DO (%)
TEMP  -0.625***  TEMP
TURB     TURB
COND 0.162** -0.289***  0.365*** -0.433*** COND
SAL  -0.153* 0.136* 0.291***  0.345*** SAL
FC  -0.345***  0.464***  0.404*** 0.276*** FC
NOX     0.210*    NOX
NO3     0.192*    0.999*** NO3
PRECIP     0.292*** -0.253***   0.187* 0.188* PRECIP
YEAR
Colony 39 pH
DO (mg/L) -0.345*** DO (mg/L)
DO (%) -0.219*** 0.580*** DO (%)
TEMP 0.347*** -0.795*** -0.373*** TEMP
TURB -0.308*** 0.344*** 0.265*** -0.337*** TURB
COND 0.377*** -0.500*** -0.437*** 0.449*** -0.62*** COND
SAL 0.452*** -0.612*** -0.518*** 0.564*** -0.573*** 0.690*** SAL
FC 0.306*** -0.531*** -0.385*** 0.513*** -0.24*** 0.428*** 0.529*** FC
NOX -0.325*** 0.472*** 0.252** -0.508*** 0.566*** -0.558*** -0.551*** -0.434*** NOX
NO3 -0.34*** 0.502*** 0.275*** -0.535*** 0.555*** -0.582*** -0.592*** -0.469*** 0.992*** NO3
PRECIP -0.125* 0.108*  -0.117* 0.352*** -0.279*** -0.217***  0.277** 0.273** PRECIP
YEAR -0.643*
Thomas 3 pH
DO (mg/L) -0.145** DO (mg/L)
DO (%) -0.173*** 0.848*** DO (%)
TEMP 0.0979* -0.508*** -0.358*** TEMP
TURB -0.138** 0.253*** 0.302***  TURB
COND 0.276*** -0.573*** -0.544*** 0.485*** -0.257*** COND
SAL 0.131* -0.409*** -0.388*** 0.350*** -0.244*** 0.586*** SAL
FC  -0.246*** -0.199*** 0.315*** 0.130** 0.194***  FC
NOX -0.254** 0.539*** 0.495*** -0.512*** 0.202* -0.604*** -0.373*** -0.228** NOX
NO3 -0.234** 0.514*** 0.459*** -0.545*** 0.253** -0.591*** -0.348*** -0.215* 0.990*** NO3
PRECIP  0.154** 0.160** -0.130* 0.247*** -0.255*** -0.273***    PRECIP
YEAR
Swede 8 pH
DO (mg/L)  DO (mg/L)
DO (%) 0.164*** 0.578*** DO (%)
TEMP  -0.771*** -0.348*** TEMP
TURB -0.209*** 0.202*** 0.116* -0.229*** TURB
COND  -0.489*** -0.345*** 0.482*** -0.563*** COND
SAL  -0.169** -0.137* 0.157**  0.219*** SAL
FC  -0.337*** -0.211*** 0.342***  0.238***  FC
NOX -0.200* 0.445*** 0.189* -0.495*** 0.584*** -0.664***   NOX
NO3 -0.183* 0.466*** 0.190* -0.519*** 0.575*** -0.689***  -0.189* 0.993*** NO3
PRECIP     0.417*** -0.271***  0.113* 0.264** 0.261** PRECIP
YEAR
Nook 12 pH
DO (mg/L) 0.156** DO (mg/L)
DO (%) 0.242*** 0.580*** DO (%)
TEMP  -0.619*** -0.205*** TEMP
TURB  0.293*** 0.0971* -0.342*** TURB
COND  -0.201*** -0.139** 0.210*** -0.211*** COND
SAL  -0.282*** -0.150* 0.341*** -0.232*** 0.691*** SAL
FC  -0.284*** -0.163** 0.354***  0.163** 0.217*** FC
NOX  0.301***  -0.365***  0.174*   NOX
NO3  0.280***  -0.342***    -0.173* 0.960*** NO3
PRECIP  0.175***  -0.192*** 0.183*** -0.223*** -0.250***    PRECIP
YEAR -0.643* -0.643* -0.618*
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Appendix D: Kendall's Tau values for significant correlations within sites.  Asterists indicates signficance level: < 0.05 *; < 0.01 **; <0.001 ***  
EF Nook 13 pH
DO (mg/L)  DO (mg/L)
DO (%) 0.315*** 0.417*** DO (%)
TEMP 0.181*** -0.533***  TEMP
TURB -0.294*** 0.303***  -0.424*** TURB
COND 0.128** -0.340*** -0.214*** 0.239*** -0.433*** COND
SAL 0.237*** -0.460*** -0.133* 0.496*** -0.472*** 0.650*** SAL
FC 0.214*** -0.251***  0.403*** -0.198*** 0.223*** 0.373*** FC
NOX -0.211** 0.311***  -0.577*** 0.349*** -0.177* -0.435*** -0.424*** NOX
NO3 -0.235** 0.315***  -0.560*** 0.371*** -0.191* -0.439*** -0.416*** 0.979*** NO3
PRECIP  0.241*** 0.136** -0.204*** 0.314*** -0.237*** -0.278***  0.283** 0.280** PRECIP
YEAR -0.643*
Hansen 19 pH
DO (mg/L)  DO (mg/L)
DO (%) 0.107* 0.305*** DO (%)
TEMP  -0.764***  TEMP
TURB -0.159** 0.315***  -0.349*** TURB
COND 0.157** -0.274*** -0.105* 0.265*** -0.564*** COND
SAL  -0.458*** -0.217*** 0.449*** -0.433*** 0.542*** SAL
FC 0.108* -0.405***  0.493*** -0.187*** 0.146** 0.345*** FC
NOX -0.232** 0.436***  -0.539*** 0.484*** -0.407*** -0.424*** -0.359*** NOX
NO3 -0.215** 0.462***  -0.563*** 0.462*** -0.396*** -0.429*** -0.379*** 0.979*** NO3
PRECIP     0.320*** -0.234*** -0.124*  0.187* 0.172* PRECIP
YEAR 0.857**
Coal 21 pH
DO (mg/L)  DO (mg/L)
DO (%)  0.532*** DO (%)
TEMP  -0.804*** -0.334*** TEMP
TURB  0.270*** 0.184*** -0.265*** TURB
COND  -0.322*** -0.293*** 0.286*** -0.471*** COND
SAL  -0.457*** -0.417*** 0.440*** -0.281*** 0.497*** SAL
FC 0.108* -0.329*** -0.140** 0.365*** -0.184*** 0.236*** 0.278*** FC
NOX  0.240**  -0.325*** 0.294*** -0.185*   NOX
NO3  0.261**  -0.344*** 0.301*** -0.187*   0.996*** NO3
PRECIP 0.137*    0.299*** -0.214***   0.252** 0.251** PRECIP
YEAR
DD Gate 31 pH
DO (mg/L) 0.170** DO (mg/L)
DO (%) 0.198** 0.827*** DO (%)
TEMP  -0.223***  TEMP
TURB     TURB
COND 0.208** 0.155* 0.188**  -0.214*** COND
SAL 0.198**    -0.185* 0.674*** SAL
FC    0.451***    FC
NOX  0.246*  -0.320**     NOX
NO3  0.231*  -0.337**     0.940*** NO3
PRECIP     0.147* -0.187** -0.175*    PRECIP
YEAR -0.643*
Samish 32 pH
DO (mg/L) -0.102* DO (mg/L)
DO (%) 0.343*** 0.217*** DO (%)
TEMP 0.386*** -0.518*** 0.269*** TEMP
TURB -0.536*** 0.165*** -0.329*** -0.453*** TURB
COND 0.479*** -0.163*** 0.322*** 0.457*** -0.714*** COND
SAL 0.496*** -0.261*** 0.388*** 0.585*** -0.62*** 0.649*** SAL
FC 0.105* -0.277***  0.261***   0.147* FC
NOX -0.404*** 0.240** -0.160* -0.348*** 0.338*** -0.300*** -0.336***  NOX
NO3 -0.414*** 0.234** -0.182* -0.357*** 0.353*** -0.308*** -0.348***  0.987*** NO3
PRECIP -0.125*  -0.186*** -0.150** 0.286*** -0.299*** -0.215*** 0.186***   PRECIP
YEAR -0.786**
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Appendix D: Kendall's Tau values for significant correlations within sites.  Asterists indicates signficance level: < 0.05 *; < 0.01 **; <0.001 ***  
Alice Bay 33 pH
DO (mg/L) 0.352*** DO (mg/L)
DO (%) 0.517*** 0.816*** DO (%)
TEMP 0.536*** 0.332*** 0.505*** TEMP
TURB -0.349*** -0.121* -0.237*** -0.404*** TURB
COND 0.605*** 0.170*** 0.321*** 0.494*** -0.455*** COND
SAL 0.636*** 0.196*** 0.341*** 0.529*** -0.502*** 0.910*** SAL
FC     0.133**   FC
NOX -0.627*** -0.285** -0.437*** -0.493*** 0.323*** -0.495*** -0.553***  NOX
NO3 -0.580*** -0.252** -0.374*** -0.390*** 0.314*** -0.530*** -0.555***  0.930*** NO3
PRECIP -0.167**   -0.175*** 0.124* -0.196*** -0.231***  0.284**  PRECIP
YEAR
No Name 34 pH
DO (mg/L) -0.291*** DO (mg/L)
DO (%) -0.230*** 0.848*** DO (%)
TEMP 0.409*** -0.577*** -0.451*** TEMP
TURB -0.129** 0.186*** 0.155** -0.177*** TURB
COND 0.394*** -0.532*** -0.473*** 0.490*** -0.278*** COND
SAL 0.455*** -0.556*** -0.491*** 0.521*** -0.309*** 0.894*** SAL
FC    0.140** 0.152**   FC
NOX -0.489*** 0.415*** 0.383*** -0.598***  -0.333*** -0.405***  NOX
NO3 -0.447*** 0.372*** 0.327*** -0.551***  -0.241* -0.273**  0.968*** NO3
PRECIP -0.152** 0.192*** 0.207*** -0.118* 0.128* -0.218*** -0.235***    PRECIP
YEAR -0.643*
Joe Leary 35 pH
DO (mg/L)  DO (mg/L)
DO (%) 0.158** 0.760*** DO (%)
TEMP 0.307*** -0.196***  TEMP
TURB -0.159**   -0.133** TURB
COND 0.29*** -0.248*** -0.12* 0.359***  COND
SAL 0.284*** -0.249*** -0.136* 0.324*** -0.129* 0.584*** SAL
FC 0.158** 0.118* 0.207*** 0.255***    FC
NOX -0.349*** 0.246**  -0.458***  -0.486*** -0.449***  NOX
NO3 -0.357*** 0.253**  -0.454***  -0.473*** -0.431***  0.964*** NO3
PRECIP  0.225*** 0.167** -0.207*** 0.109* -0.335*** -0.310*** 0.138*   PRECIP
YEAR -0.691*
Edison 36 pH
DO (mg/L) 0.316*** DO (mg/L)
DO (%) 0.499*** 0.725*** DO (%)
TEMP 0.526*** 0.147** 0.409*** TEMP
TURB     TURB
COND 0.507***  0.234*** 0.378***  COND
SAL 0.539***  0.231*** 0.396***  0.930*** SAL
FC 0.191***   0.306*** 0.286*** 0.118* 0.142** FC
NOX -0.497***  -0.237** -0.607***  -0.449*** -0.455*** -0.288** NOX
NO3 -0.393***   -0.536***  -0.349*** -0.353*** -0.331** 0.949*** NO3
PRECIP -0.169** -0.134* -0.179*** -0.182***  -0.169** -0.179***    PRECIP
YEAR
Edison 37 pH
DO (mg/L) 0.369*** DO (mg/L)
DO (%) 0.504*** 0.865*** DO (%)
TEMP 0.602*** 0.307*** 0.457*** TEMP
TURB -0.334*** -0.126* -0.159*** -0.333*** TURB
COND 0.508*** 0.279*** 0.34*** 0.455*** -0.414*** COND
SAL 0.564*** 0.307*** 0.397*** 0.507*** -0.415*** 0.921*** SAL
FC 0.213*** 0.147** 0.213*** 0.310***  0.0979* 0.139** FC
NOX -0.602*** -0.203* -0.370 *** -0.588*** 0.296*** -0.556*** -0.621*** -0.336*** NOX
NO3 -0.605***  -0.321*** -0.502*** 0.318*** -0.594*** -0.618*** -0.283** 0.971*** NO3
PRECIP -0.168**   -0.176*** 0.185*** -0.202*** -0.230***  0.199*  PRECIP
YEAR -0.857**
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N Edison 38 pH
DO (mg/L) 0.377*** DO (mg/L)
DO (%) 0.485*** 0.865*** DO (%)
TEMP 0.547*** 0.256*** 0.417*** TEMP
TURB -0.396*** -0.127* -0.212*** -0.413*** TURB
COND 0.546*** 0.148** 0.243*** 0.417*** -0.42*** COND
SAL 0.586*** 0.175*** 0.285*** 0.454*** -0.441*** 0.934*** SAL
FC -0.336*** -0.210*** -0.245*** -0.227*** 0.274*** -0.339*** -0.381*** FC
NOX -0.564*** -0.207* -0.306*** -0.565*** 0.439*** -0.382*** -0.435*** 0.269** NOX
NO3 -0.481***   -0.455*** 0.371*** -0.340*** -0.403***  0.920*** NO3
PRECIP -0.174**   -0.176*** 0.152** -0.232*** -0.253*** 0.293*** 0.208* 0.223* PRECIP
YEAR -0.618*
Big Indian 40 pH
DO (mg/L) 0.139** DO (mg/L)
DO (%) 0.159*** 0.881*** DO (%)
TEMP  -0.506*** -0.393*** TEMP
TURB    -0.159*** TURB
COND  -0.503*** -0.482*** 0.383***  COND
SAL  -0.502*** -0.511*** 0.286***  0.613*** SAL
FC     0.254*** -0.114* -0.182** FC
NOX  0.383*** 0.306*** -0.564***  -0.392*** -0.287**  NOX
NO3  0.385*** 0.304*** -0.55***  -0.397*** -0.299**  0.953*** NO3
PRECIP  0.227*** 0.219*** -0.145** 0.157** -0.279*** -0.316*** 0.170**   PRECIP
YEAR -0.837**
Maddox 41 pH
DO (mg/L) 0.329*** DO (mg/L)
DO (%) 0.389*** 0.805*** DO (%)
TEMP 0.307*** 0.134** 0.324*** TEMP
TURB -0.221***  -0.178*** -0.445*** TURB
COND -0.203*** -0.248*** -0.354*** -0.448*** 0.296*** COND
SAL -0.234*** -0.274*** -0.383*** -0.463*** 0.326*** 0.899*** SAL
FC 0.0998* 0.114* 0.124*  0.172***   FC
NOX -0.310*** -0.269** -0.351*** -0.537*** 0.367*** 0.533*** 0.569***  NOX
NO3 -0.269** -0.324*** -0.382*** -0.461*** 0.320*** 0.463*** 0.500***  0.946*** NO3
PRECIP    -0.146** 0.220***  0.116*    PRECIP
YEAR
Hill 42 pH
DO (mg/L)  DO (mg/L)
DO (%) 0.0977* 0.779*** DO (%)
TEMP 0.095* -0.589*** -0.368*** TEMP
TURB  0.368*** 0.368*** -0.198*** TURB
COND  -0.425*** -0.394*** 0.310*** -0.482*** COND
SAL      0.171** SAL
FC    0.137** 0.231***   FC
NOX -0.174* 0.549*** 0.374*** -0.644*** 0.286*** -0.525***  NOX
NO3 -0.168* 0.550*** 0.376*** -0.624*** 0.323*** -0.524***  0.971*** NO3
PRECIP  0.143** 0.108* -0.14** 0.157** -0.173***  0.123* 0.222* 0.207* PRECIP
YEAR -0.786**
Wiley 43 pH
DO (mg/L) 0.188*** DO (mg/L)
DO (%) 0.257*** 0.877*** DO (%)
TEMP 0.402***   TEMP
TURB -0.285***   -0.527*** TURB
COND 0.182***   0.176*** -0.151** COND
SAL 0.214***   0.218*** -0.194*** 0.916*** SAL
FC    0.226*** -0.12*   FC
NOX -0.416***   -0.569*** 0.418*** -0.341*** -0.411***  NOX
NO3 -0.529***   -0.526*** 0.448*** -0.346*** -0.366***  0.940*** NO3
PRECIP    -0.117* 0.120*    0.260** 0.240* PRECIP
YEAR
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Sullivan 44 pH
DO (mg/L) 0.490*** DO (mg/L)
DO (%) 0.543*** 0.837*** DO (%)
TEMP 0.379*** 0.241*** 0.396*** TEMP
TURB -0.384*** -0.326*** -0.412*** -0.421*** TURB
COND 0.261*** 0.234*** 0.287*** 0.168*** -0.293*** COND
SAL 0.367*** 0.333*** 0.410*** 0.291*** -0.416*** 0.737*** SAL
FC 0.204*** 0.104* 0.106* 0.117*  0.100*  FC
NOX -0.336***  -0.361*** -0.519*** 0.394*** -0.304** -0.483***  NOX
NO3 -0.324**  -0.377*** -0.541*** 0.534*** -0.346*** -0.616***  0.959*** NO3
PRECIP    -0.128* 0.166**  -0.102*   0.223* PRECIP
YEAR
Fisher 48 pH
DO (mg/L) -0.297*** DO (mg/L)
DO (%) -0.221*** 0.636*** DO (%)
TEMP 0.307*** -0.73*** -0.367*** TEMP
TURB -0.306*** 0.404*** 0.345*** -0.365*** TURB
COND 0.338*** -0.501*** -0.435*** 0.462*** -0.603*** COND
SAL 0.241*** -0.302*** -0.305*** 0.267*** -0.408*** 0.507*** SAL
FC 0.163** -0.275*** -0.122* 0.355***  0.237***  FC
NOX -0.264*** 0.528*** 0.332*** -0.530*** 0.519*** -0.649*** -0.358*** -0.259** NOX
NO3 -0.271*** 0.502*** 0.305*** -0.532*** 0.533*** -0.655*** -0.37*** -0.249** 0.966*** NO3
PRECIP  0.140**  -0.118* 0.35*** -0.222*** -0.182**  0.264** 0.273** PRECIP
YEAR -0.889**
Friday 6 pH
DO (mg/L) -0.215*** DO (mg/L)
DO (%) 0.225*** 0.159*** DO (%)
TEMP 0.347*** -0.717*** 0.122* TEMP
TURB -0.44*** 0.168*** -0.343*** -0.334*** TURB
COND 0.461*** -0.293*** 0.250*** 0.442*** -0.589*** COND
SAL 0.325*** -0.217*** 0.279*** 0.402*** -0.393*** 0.523*** SAL
FC 0.158** -0.387***  0.407***  0.239*** 0.213*** FC
NOX -0.333*** 0.290*** -0.225** -0.468*** 0.484*** -0.605*** -0.486*** -0.260** NOX
NO3 -0.335*** 0.308*** -0.224** -0.477*** 0.475*** -0.614*** -0.486*** -0.282*** 0.993*** NO3
PRECIP -0.162**  -0.195*** -0.131* 0.348*** -0.254*** -0.142*  0.207* 0.204* PRECIP
YEAR -0.691* -0.714*
College Way 14 pH
DO (mg/L)  DO (mg/L)
DO (%)  0.803*** DO (%)
TEMP 0.129** -0.671*** -0.475*** TEMP
TURB -0.195*** 0.377*** 0.353*** -0.341*** TURB
COND 0.209*** -0.443*** -0.453*** 0.373*** -0.462*** COND
SAL 0.184** -0.204*** -0.172** 0.238*** -0.121* 0.432*** SAL
FC 0.110* -0.307*** -0.267*** 0.363***  0.280*** 0.272*** FC
NOX  0.483*** 0.428*** -0.439*** 0.372*** -0.458***  -0.335*** NOX
NO3  0.471*** 0.422*** -0.438*** 0.358*** -0.463***  -0.345*** 0.976*** NO3
PRECIP  0.170*** 0.191*** -0.126* 0.340*** -0.325***   0.239** 0.234** PRECIP
YEAR -0.857**
Brickyard 28 pH
DO (mg/L) 0.117* DO (mg/L)
DO (%) 0.137* 0.777*** DO (%)
TEMP -0.120* -0.727*** -0.547*** TEMP
TURB   0.171**  TURB
COND 0.133* -0.112* -0.181***  -0.406*** COND
SAL   -0.159*  -0.413*** 0.707*** SAL
FC  -0.222*** -0.131* 0.306*** 0.256*** -0.241*** -0.242*** FC
NOX  0.195*  -0.191* -0.255** 0.434*** 0.392*** -0.353*** NOX
NO3  0.183*   -0.242** 0.406*** 0.368*** -0.330*** 0.987*** NO3
PRECIP   0.187**  0.319*** -0.291*** -0.328*** 0.284***   PRECIP
YEAR
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Skagit 29 pH
DO (mg/L)  DO (mg/L)
DO (%)  0.197*** DO (%)
TEMP  -0.651*** 0.149** TEMP
TURB  0.105* 0.105*  TURB
COND  0.191*** -0.224*** -0.331*** -0.309*** COND
SAL SAL
FC  -0.355***  0.361***  -0.193*** FC
NOX  0.481*** -0.176* -0.693*** 0.174* 0.251** -0.373*** NOX
NO3  0.437*** -0.188* -0.656***  0.289*** -0.353*** 0.930*** NO3
PRECIP  0.155**  -0.161**      PRECIP
YEAR
Skagit 30 pH
DO (mg/L)  DO (mg/L)
DO (%)  0.215*** DO (%)
TEMP  -0.702***  TEMP
TURB     TURB
COND  0.244*** -0.133** -0.303*** -0.405*** COND
SAL       SAL
FC  -0.176** 0.128* 0.259*** 0.185** -0.197***  FC
NOX  0.500***  -0.569***  0.287**  -0.262* NOX
NO3  0.483***  -0.568***  0.298***  -0.274* 0.977*** NO3
PRECIP 0.110* 0.174***  -0.135**     0.289** 0.281** PRECIP
YEAR -0.667*
Skagit 45 pH
DO (mg/L)  DO (mg/L)
DO (%)  0.211*** DO (%)
TEMP  -0.735***  TEMP
TURB -0.107*  -0.125*  TURB
COND  0.290***  -0.363*** -0.283*** COND
SAL       SAL
FC  -0.269***  0.302*** 0.124* -0.203***  FC
NOX  0.550***  -0.683***  0.289**  -0.361*** NOX
NO3 -0.214* 0.517***  -0.637***  0.330***  -0.393*** 0.926*** NO3
PRECIP  0.213***  -0.209***     0.228* 0.205* PRECIP
YEAR -0.643*
Skagit 46 pH
DO (mg/L)  DO (mg/L)
DO (%)  0.125** DO (%)
TEMP  -0.751*** 0.112* TEMP
TURB -0.142**    TURB
COND  0.285*** -0.177*** -0.352*** -0.292*** COND
SAL       SAL
FC  -0.396***  0.439***  -0.24***  FC
NOX  0.580***  -0.655***  0.285*** -0.379*** NOX
NO3  0.571***  -0.641***  0.300*** -0.362*** 0.891*** NO3
PRECIP  0.224***  -0.188***     0.230*  PRECIP
YEAR -0.786**
Swin 47 pH
DO (mg/L)  DO (mg/L)
DO (%) 0.275*** 0.538*** DO (%)
TEMP 0.409*** -0.339*** 0.0932* TEMP
TURB -0.177***  -0.121* -0.117* TURB
COND 0.139** -0.386*** -0.185*** 0.155*** -0.207*** COND
SAL 0.154** -0.404*** -0.184*** 0.176*** -0.192*** 0.923*** SAL
FC     0.167**   FC
NOX -0.385***  -0.237** -0.521***     NOX
NO3 -0.389***  -0.242** -0.547***     0.869*** NO3
PRECIP -0.112* 0.133*  -0.179***       PRECIP
YEAR
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Appendix E: Pairwise Wilcoxon test results for significantly different sites.  Asterists indicates signficance level: p < 0.05 *; < 0.01 **; <0.001 ***  
pH Alice Bay 33
Big Indian40 ** Big Indian40
Brickyard 28 *** Brickyard 28
Coal 21 *** Coal 21
Coal 22 *** *** *** Coal 22
College 14 *** *** *** College 14
Colony 39 *** ** *** * Colony 39
DD Gate 31 *** DD Gate 31
Edison 36 *** Edison 36
Edison 37 *** Edison 37
Edison 38 *** Edison 38
EF Nook 13 *** *** EF Nook 13
EF Nook 16 *** *** *** *** ** *** EF Nook 16
Fisher 48 *** *** *** *** *** *** *** * *** *** *** *** Fisher 48
Friday 6 *** *** *** *** Friday 6
Hansen 19 *** *** *** *** * *** *** *** Hansen 19
Hansen 20 *** *** *** *** *** *** Hansen 20
Hill 42 *** *** *** *** *** *** ** Hill 42
Joe Leary 35 *** *** *** *** ** ** ** *** *** *** ** *** Joe Leary 35
Lake 18 *** *** *** *** ** *** *** *** *** *** *** Lake 18
Maddox 41 *** *** *** *** *** *** *** * *** Maddox 41
Mannser 24 *** ** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Mannser 24
No Name 34 *** ** *** *** *** *** * *** *** No Name 34
Nook 12 *** *** *** *** * * *** *** *** *** *** *** Nook 12
Nook 15 *** *** *** *** *** *** *** *** *** Nook 15
Nook 17 *** *** *** *** *** * *** *** *** *** *** *** *** *** *** *** *** Nook 17
Red Cabin 25 *** *** *** * *** *** *** *** *** *** ** *** *** Red Cabin 25
Samish 11 ** ** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Samish 11
Samish 32 *** *** *** * * *** *** *** *** *** *** *** *** *** *** *** Samish 32
Skagit 29 *** * *** *** * ** *** *** ** *** *** * Skagit 29
Skagit 30 *** * *** *** *** ** *** *** * *** ** *** *** Skagit 30
Skagit 45 *** *** *** *** *** *** *** ** *** *** ** *** *** *** *** *** ** *** *** *** *** *** * *** *** * *** *** Skagit 45
Skagit 46 *** *** *** *** *** *** *** ** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Skagit 46
Sullivan 44 *** *** *** *** *** *** *** *** *** ** *** *** *** ** *** ** Sullivan 44
Swede 8 *** *** *** *** *** *** * * *** *** *** *** *** *** *** *** *** Swede 8
Swin 47 * *** *** *** *** *** *** *** ** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Swin 47
Thomas 3 ** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Thomas 3
Thomas 4 *** *** *** * *** *** *** *** *** *** *** *** *** *** ** *** *** *** *** *** Thomas 4
Wiley 43 *** ** *** *** *** *** *** * *** *** ** *** *** *** *** Wiley 43
Wiseman 23 *** *** *** *** *** *** *** *** *** *** *** *** *** ** *** *** *** *** *** Wiseman 23
DO (mg/L) Alice Bay 33
Big Indian40 *** Big Indian40
Brickyard 28 *** Brickyard 28
Coal 21 *** *** *** Coal 21
Coal 22 *** *** *** *** Coal 22
College 14 *** *** *** College 14
Colony 39 *** *** *** *** *** Colony 39
DD Gate 31 *** *** *** *** DD Gate 31
Edison 36 *** *** *** *** Edison 36
Edison 37 *** ** *** *** *** *** *** *** *** Edison 37
Edison 38 *** *** *** *** *** *** *** * *** Edison 38
EF Nook 13 ** *** *** *** *** *** *** *** *** EF Nook 13
EF Nook 16 *** *** *** *** *** *** *** *** *** EF Nook 16
Fisher 48 *** *** *** *** *** *** *** *** *** *** Fisher 48
Friday 6 *** *** *** *** *** *** *** *** *** *** Friday 6
Hansen 19 *** *** *** ** *** *** *** *** *** *** *** *** Hansen 19
Hansen 20 *** *** *** *** *** *** *** *** *** *** ** Hansen 20
Hill 42 *** *** *** *** *** *** ** *** *** *** *** *** *** Hill 42
Joe Leary 35 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Joe Leary 35
Lake 18 *** *** *** *** *** *** *** *** *** *** * *** *** Lake 18
Maddox 41 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Maddox 41
Mannser 24 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Mannser 24
No Name 34 *** *** *** *** *** *** *** * *** *** *** *** *** *** *** ** *** No Name 34
Nook 12 *** *** *** *** * *** *** *** *** *** *** *** *** *** *** *** *** *** Nook 12
Nook 15 *** *** *** * *** *** *** *** *** *** *** *** *** *** *** *** ** Nook 15
Nook 17 * *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Nook 17
Red Cabin 25 *** *** *** ** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Red Cabin 25
Samish 11 *** ** *** *** * *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Samish 11
Samish 32 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ** *** *** Samish 32
Skagit 29 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Skagit 29
Skagit 30 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Skagit 30
Skagit 45 *** *** *** ** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ** *** ** Skagit 45
Skagit 46 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ** Skagit 46
Sullivan 44 *** *** *** *** *** *** *** * *** *** *** *** *** *** *** *** *** *** ** *** *** *** *** *** *** *** *** Sullivan 44
Swede 8 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Swede 8
Swin 47 *** *** *** *** *** *** *** *** *** *** *** *** * *** *** *** *** *** ** *** *** *** *** *** *** *** *** *** Swin 47
Thomas 3 *** *** *** *** *** *** *** ** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Thomas 3
Thomas 4 *** *** *** *** *** *** *** *** *** *** ** *** *** *** *** *** *** *** *** *** *** *** *** *** Thomas 4
Wiley 43 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Wiley 43
Wiseman 23 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Wiseman 23
TEMP Alice Bay 33
Big Indian40 Big Indian40
Brickyard 28 *** ** Brickyard 28
Coal 21 *** *** Coal 21
Coal 22 *** *** Coal 22
College 14 * *** *** College 14
Colony 39 *** Colony 39
DD Gate 31 *** *** ** DD Gate 31
Edison 36 *** *** *** ** *** Edison 36
Edison 37 *** *** *** *** *** Edison 37
Edison 38 *** *** *** *** *** Edison 38
EF Nook 13 *** ** *** *** EF Nook 13
EF Nook 16 *** ** *** *** *** EF Nook 16
Fisher 48 *** ** *** *** *** Fisher 48
Friday 6 ** ** *** * ** * Friday 6
Hansen 19 *** ** *** *** *** Hansen 19
Hansen 20 *** *** * *** *** *** Hansen 20
Hill 42 *** *** * * * Hill 42
Joe Leary 35 *** *** *** ** *** ** *** *** *** *** Joe Leary 35
Lake 18 *** * ** ** *** *** *** Lake 18
Maddox 41 *** *** *** ** *** ** *** *** *** *** ** Maddox 41
Mannser 24 *** *** *** *** *** *** ** *** *** Mannser 24
No Name 34 *** *** ** * * * ** No Name 34
Nook 12 ** *** Nook 12
Nook 15 *** *** *** *** *** *** *** *** *** Nook 15
Nook 17 *** *** *** ** *** ** *** *** *** *** ** *** Nook 17
Red Cabin 25 *** *** *** *** *** *** *** ** *** *** *** *** *** *** * *** *** *** *** Red Cabin 25
Samish 11 *** ** * *** *** *** * *** *** * *** *** ** Samish 11
Samish 32 ** *** *** * * * *** Samish 32
Skagit 29 *** *** * *** *** *** * *** *** * *** *** Skagit 29
Skagit 30 *** *** *** *** *** *** * *** *** *** *** * *** *** ** Skagit 30
Skagit 45 *** ** *** *** *** *** *** *** *** * Skagit 45
Skagit 46 *** *** *** *** *** *** ** *** ** Skagit 46
Sullivan 44 *** *** *** * *** * *** *** *** *** * *** *** *** *** *** *** Sullivan 44
Swede 8 *** *** *** *** *** *** * *** ** ** Swede 8
Swin 47 * * *** *** *** ** * * ** *** *** ** ** *** * Swin 47
Thomas 3 ** *** *** * * *** ** Thomas 3
Thomas 4 *** *** *** *** *** *** ** *** *** *** Thomas 4
Wiley 43 *** *** *** ** *** ** *** *** *** *** ** *** *** *** *** *** *** *** *** *** Wiley 43
Wiseman 23 *** *** *** *** *** *** *** *** *** * *** *** ** *** *** *** *** *** *** *** Wiseman 23
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Appendix E: Pairwise Wilcoxon test results for significantly different sites.  Asterists indicates signficance level: p < 0.05 *; < 0.01 **; <0.001 ***  
TURB Alice Bay 33
Big Indian40 Big Indian40
Brickyard 28 *** *** Brickyard 28
Coal 21 *** *** *** Coal 21
Coal 22 *** *** *** *** Coal 22
College 14 *** *** *** *** College 14
Colony 39 *** *** *** *** *** Colony 39
DD Gate 31 *** *** ** *** * DD Gate 31
Edison 36 *** *** *** *** *** Edison 36
Edison 37 *** *** *** *** *** *** *** Edison 37
Edison 38 *** *** *** *** *** *** *** Edison 38
EF Nook 13 *** *** *** ** ** *** *** *** *** *** EF Nook 13
EF Nook 16 *** *** *** *** *** *** *** *** *** *** *** EF Nook 16
Fisher 48 *** *** *** *** *** *** *** *** *** *** ** Fisher 48
Friday 6 *** *** *** *** *** *** *** *** *** *** *** Friday 6
Hansen 19 *** *** *** *** *** ** *** *** *** *** *** Hansen 19
Hansen 20 *** *** *** * *** *** *** *** *** *** *** * * Hansen 20
Hill 42 *** *** *** * *** *** *** *** *** *** *** * * Hill 42
Joe Leary 35 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Joe Leary 35
Lake 18 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Lake 18
Maddox 41 *** *** * *** *** *** *** *** *** *** *** *** *** *** *** *** *** Maddox 41
Mannser 24 *** *** *** *** *** *** *** *** *** *** *** ** *** *** *** *** *** *** *** Mannser 24
No Name 34 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** No Name 34
Nook 12 *** *** *** *** ** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Nook 12
Nook 15 *** *** *** *** *** ** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Nook 15
Nook 17 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** * *** *** *** Nook 17
Red Cabin 25 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** Red Cabin 25
Samish 11 *** *** *** ** *** *** *** *** *** *** ** *** *** *** *** *** *** *** *** *** *** Samish 11
Samish 32 *** *** *** *** * * *** *** *** *** *** *** ** *** *** *** *** *** *** *** * *** *** *** Samish 32
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